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CONCEPT ATTAINMENT: I. THE ROLE OF AGE AND 
INTELLIGENCE IN CONCEPT ATTAINMENT 
BY INDUCTION! 


SONIA F. OSLER 
Goucher College 


Most concept studies with children 
have utilized either the interview- 
questionnaire method or the perform- 
ance method (Vinacke, 1952, p. 108), 
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Each of these procedures presents 
certain obstacles to the discovery of 
S's knowledge of a specific concept 
or his ability to utilize it. Implicit 
in the interview-questionnaire method, 
illustrated in the early works of Piaget 
(1929, 1930) and others (Klingberg, 
1957; Russel, 1940, 1942), is the as- 
sumption that knowledge of a concept 
is necessarily accompanied by the 
child's ability to translate it into 
words. That this assumption is not 
justified has been demonstrated in a 
variety of ways with adults and 
children (Hazlitt, 1930; Heidbreder, 
1927; Hull, 1920). It is primarily for 
this reason that Piaget modified his 
early procedures involving only inter- 
views to the combined interview 
performance technique, 

With few exceptions the perform- 
ance procedures utilized in concept 
studies boil down essentially to a type 
of sorting technique. The tasks may 
vary from matching to stimulus 
(Brian & Goodenough, 1929; Colby 
& Robertson, 1942) to sorting into 
categories that “go together" (Thomp- 
son, 1941; Welch, 1940). The diffi- 
culty associated with this technique 
is that performance may be a function 
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of factors other than knowledge of the 
specific concept under investigation. 
For example, Heidbreder (1947) has 
demonstrated with adult Ss a domi- 
nance hierarchy in concept learning 
and sorting, in which object, form, 
and number concepts occupy in this 
order decreasing positions in the 
hierarchy; and Brian & Goodenough 
(1929) have similarly demonstrated 
with children the relative dominance 
of color and form. Others have shown 
that specific stimulus attributes may 
affect their relative dominance (Datt- 
man & Israel, 1951 ; Heidbreder, 1952; 
Stevenson & McBee, 1958). Further- 
more, it is reasonable to assume that 
where alternative possibilities for cate- 
gorizing exist the preference, interest, 
or experience of § will affect his 
performance. 

It would, therefore, seem desirable 
to use a technique for concept studies 
which would avoid the difficulties 
associated with the interview-ques- 
tionnaire and sorting techniques and 
yield a sensitive measure of S's capa- 
city to deal with the task. The induc- 
tive method seems to fulfill these 
requirements. In this method S is 
required to give the same response to 
differing stimuli which belong to a 
common category. The S demon- 
strates his attainment of the concept 
when he can respond appropriately 
to new stimuli at a level of accuracy 
specified by Æ. The stimuli are so 
designed that in order to achieve the 
required level of success S must cate- 
gorize according to the concept ex- 
pected by Æ. In this manner competi- 
tion from other concepts is diminished, 
if not altogether eliminated. Further- 
more, a correct response does not 
involve verbalization ; but at the same 
time ability to verbalize may be 
studied as an additional dependent 
variable. 

The inductive method has been 


used in concept formation studies with 
children (Heidbreder, 1928; Levy & 
Cuddy, 1956; Long, 1940; Welch & 
Long, 1942, 1943) and adults (Archer, 
Bourne, & Brown, 1955), but in most 
of these studies S was restricted to a 
relatively small number of trials. 
Welch and Long (1943), for example, 
allowed only 30 trials for a problem 
involving Mills’ joint method, and 
then concluded that no § was able to 
solve problems of this type. In the 
study by Levy and Cuddy, a rote 
learning component was introduced 
in a modification of the inductive 
method in which only 10 different 
stimuli were presented over and over 
again. In the investigation described 
below 150 trials were given (unless 
success was achieved earlier). A pilot 
study revealed that only one or two 
Ss out of 100 who do not succeed 
within 150 trials attain success if 
given additional opportunity. A suf- 
ficiently large number of trials thus 
provides the possibility not only for 
the study of success in attaining the 
concept but also for estimating the 
relative difficulty of the concept as a 
function of other variables, such as 
age and intelligence. 

In fact, one of the aims of the 
present investigation was to deter- 
mine the role of intelligence in concept 
attainment by induction. While it 
seems reasonable to assume that in- 
telligence and concept attainment are 
highly correlated, such a relationship 
has not been consistently demon- 
strated (Eisman, 1958; Griffith, Spitz, 
& Lippman, 1959; Hoffman, 1955; 
Plenderleith, 1956; Stuart, 1935). 
Furthermore, most studies have com- 
pared normal and feebleminded Ss, 
while in the present investigation a 
comparison is made between normal 
and superior Ss. Three age groups 
were selected for this study: 6-, 10-, 
and 14-yr. Ss. These age groups were 
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chosen because they represent the 
extremes and midpoint of the ele- 
mentary school population and be- 
cause they fall within three stages 
of mental development as defined by 
Piaget. 

The goncepts studied were: bird, 
animal, and living thing. According 
to the notions of Welch and Long 
(1940) these three concepts should 
represent increasing levels of difficulty, 
and thereby enhance the discriminat- 
ing power of the tasks. 


METHOD 


Subjects. —The Ss consisted of 180 school 
children attending elementary and junior high 
schools of Baltimore City and County, equally 
divided among the following age groups 6-, 
10-, and 14-yr, Each S was within 6 mo. of 
the age specified. Half of the children within 
each age level had a WISC IQ between 90 
and 109 (mean IQ for total normal intelli- 
gence group was 101.6, SD = 5.1) and the 
other half had a WISC IQ of 110 and above 
(mean IQ for total high intelligence group 
was 121.3, SD = 8.1). 

Apparatus.—The apparatus consisted of 
two 3-in. hollow wooden cubes painted black. 
One side of the cube was missing so that it 
could be placed over a marble. A metal 
frame was attached to the side of the cube 
facing Sin such a way that 2.75-in. cardboard 
stimuli could easily be slipped into it. A set 
of stimuli for each concept consisted of 150 
pairs of pictures individually mounted on 
squares of white cardboard. One picture of 
each pair represented an example of the 
concept; the other picture was similar in area, 
color combination, and brightness, but repre- 
sented an object not belonging to the concept 
category. A different set of stimulus pairs 
was used to represent each of the three con- 
cepts, bird, animal, and living thing, making 
a total of 900 stimulus cards. Figure 1 shows 
some of the stimulus pairs. It should be 
remembered, however, that the actual stimuli 
were multicolored. 

The reason for choosing naturalistic stim- 
uli rather than formal types which would 
allow for systematic variation of dimensións 
was to avoid the complication of unequal 
familiarity or availability of verbal labels, 
which would tend to favor the older and more 
intelligent Ss. Prior to the actual investiga- 
tion the stimulus material was shown to 10 


Fic. 1. Samples of stimulus pairs used in 
the bird, animal, and living thing concepts, 
respectively. 


children in each age and intelligence group 
to be tested. These Ss were asked to identify 
the pictures on the cards and any picture 
which was not properly identified was dis- 
carded. The children used in the pretest did 
not serve as Ss in the experiment. The 
familiarity of the material was further checked 
by asking each S to identify 10 pairs of stimuli 
upon completion of the concept learning task, 
Different sets of 10 were used for each S. 
These data confirmed the fact that the 
pictures were entirely familiar to all Ss. 

A black curtain, which was drawn closed 
between responses, was attached to a rod 
mounted on a frame and placed on the table 
between Æ and S. The S was provided with a 
grooved wooden tray for collecting the 
marbles with which his correct responses 
were reinforced, 

Procedure.—Each S was tested individually 
in two separate sessions. At the first session 
S was told that he would play a game in which 
he could win any one of a group of toys dis- 
played before him. He was asked to select 
the most preferred of the group, and this was 
then set slightly apart from the others in a 
position which allowed him to view it during 


we 
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TABLE 1 = 
MEAN NUMBER OF ERRORS PER GROUP FOR REACHING CRITERION OF 10 

Consecutive Correct RESPONSES 

6-Yr, Ss 10-Yr. Ss 14-Yr. Ss All Ages 

Concent Normal Bigs iien High aoa High TE. 

IQ IQ 

Mean| SD | Mean| SD | Mean| SD | Mean| SD | Mean| SD | Mean| SD 

Bird 55.7 | 20.6] 54.9 | 23.7] 32.0 | 26.4] 19.5 | 26.4] 27.7 | 20.8] 10.0 | 13.5] 38.5 | 28.1 

Animal 70.3 | 12.6] 55.7 | 27.8] 34.2 | 21.0) 17.8 | 26.1) 29.1 | 21.2) 12.6 | 10.8) 44.5 | 28.7 

Living thing | 66.2} 5.9} 50.9 | 23.0] 47.6 | 21.2) 38.7 | 22.0) 30.8 | 28.2) 9.4 | 10.5] 48.3 | 33.0 

All concepts | 64.1 53.8 37.9 25.3 29.2 10.7 43.7 | 29.9 


Note.—Each mean is based on 10 Ss, total N = 180. 


the “game.” The following instructions were 
then given: 


I am going to hide a marble under one of 
these boxes and your job is to find the 
marble. Sometimes the marble will be 
under this box, and sometimes it will be 
under this box (demonstrated). If you 
guess right, you may put the marble in your 
tray. If you don’t guess right, I will keep 
the marble. I will put cards in here like 
this (demonstrated with sample cards un- 
related to the concept studied). If you 
look at the cards, you will be able to get 
many marbles. When you get enough 
marbles to fill your tray you will get the 
(name of the toy). 


The S was required to point to the box 
which he thought covered a marble. The Æ 
then lifted the box, and if the response was 
correct, S picked up the marble and placed 
it in his tray. The procedure was continued 
until S made 10 consecutive correct responses, 
at which point E commented on S's good per- 


TABLE 2 
ANALYSIS OF VARIANCE OF ERRORS 


Source df MS F 
Concepts (C) 2 801.58 | 1.620 
Age (A) 2 | 24,053.90 | 48,616*** 
Intelligence (1) 1} 8,556.00 | 17,293*** 
CXA 4 753.76 | 1.523 
(eal 2 135.84 — 
AXI 2 274.24 F 
CXAXI 4 150.73 = 
Within 162 494.77 
Total 179 

"AP <.001 


formance and asked him how he knew the | 
location of the marble. The maximum num- 
ber of trials was 150; and any S who did not 
reach the criterion of success at that point 
was considered to have failed. Each S worked 
on one concept only. The second session, 
held approximately two weeks later, was 
devoted to the administration of the WISC. 

These experiments were conducted in 
schools; and one serious problem that arose 
was communication among the children. To 
prevent this the number of Ss used in any one 
school was small; and Ss, who had been 
chosen at random from the appropriate age 
groups, were tested in sequences which were 
likely to minimize communication, A split- 
half comparison of scores was made and no 
significant difference resulted. 

Experimental design—A 3X 3X2 fac- 
torial design was used with the three age levels 
constituting one variable, the three concepts 
the second variable, and the two intelligence 
levels the third variable. This resulted in 18 
groups with 10 Ss in each group, consisting of 
approximately the same number of boys and 
girls. 


RESULTS 


The effect of age and intelligence. — 
The two response measures of errors 
to criterion and successful attainment 


3 Originally it was planned to ask each S 
periodically during the experimental session 
for the basis of his choice. However, we 
discovered that frequently S, after stating 
his reason (such as “things with two legs” 
when working with birds), would change his 
strategy anticipating Æ not to bait stimuli - 
that he expected S to choose. 
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of criterion were analyzed. Table 1 
shows the mean number of errors per 
group and the corresponding SDs. 
These data did not satisfy the require- 
ment of homogeneity for an analysis 
of variance. Nevertheless, an analysis 
of variance was performed for explora- 
tory purposes; and the results are 
shown in Table 2. Even with the 
caution dictated by the lack of 
homogeneity, sthe P values associ- 
ated with the effects of age and intelli- 
gence gave strong indication that 
these variables produced significant 
differences in performance. 

The nonparametric Kruskal-Wallis 
one-way analysis of variance by ranks 
(Siegel, 1956) was also performed, and 
these results, shown in Table 3, were 
in complete agreement with the anal- 
ysis of variance. To check out a 
possible interaction between age and 
intelligence an analysis was done on 
the data collapsed across concepts, 
thus producing homogeneity of vari- 
ance. The F ratio for the Age X In- 
telligence interaction was less than 
one. 

The distribution of Ss in the 18 
experimental groups who achieved 
criterion performance is shown in 
Table 4. An analysis of these fre- 
quency data, shown in Table 5, 
yielded results completely consistent 
with the error scores. 

As an additional measure of asso- 
ciation, the rank-order correlation was 


TABLE 3 


KRUSKAL-WALLIS ANALYSIS OF VARIANCE 
OF ERROR SCORES 


Source H df P 
Age 58.86 2 001 
Intelligence 14.83 1 001 
Concepts 4.27 2 ns 


computed between error scores and 
mental age scores. As shown in 
Table 6, the rho values obtained are 
the same for each concept group. 
The data were, therefore, pooled and 
the value of the correlation for the 
total S population computed. All 
the values obtained were significant 
at the .001 level. 

The effect of concept hierarchy.— 
From the results it appears that con- 
cept hierarchy had no effect on one 
measure of performance, errors to 
criterion, and only a minimal effect 
on frequency of Ss who achieved 
criterion performance. As shown in 
Table 5, the concepts did produce a 
significant difference in the Normal 
Intelligence group. This analysis was 
done according to Cochran (1954) 
to take advantage of the predictions 
of the differences to be expected. 
The Ss of high intelligence found all 
concepts of equal difficulty. 


Discussion 


That age and intelligence are associ- 
ated with more effective concept learning 


TABLE 4 


NUMBER or Ss per Group WHO REACHED CRITERION PERFORMANCE 


6-Yr. Ss 10-Yr. Ss 14-Yr, Ss Total 
Concepts 

Normal High Normal High Normal High Normal High 

to | 10 Ho; || 210 a ends 10 10 

Bird 5 4 8 8 gto 24 2 
Animal 2 5 if 8 8 10 17 23 
Living thing 0 4 5 8 if 10 12 22 
Total 7 13° | 20. | 2am 23% [l"-30° || «so. “ree 


TABLE 5 


CHI SQUARE ANALYSIS OF FREQUENCIES OF 
SuccessFuL Ss 
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TABLE 6 


s 
RANK-ORDER CORRELATIONS BETWEEN MA” 
AND ERROR SCORES 


Comparison df Chi Square Group tho t 
Age 2 42.636*** Bird —.58 5.41*** 
Intelligence 1 7.058** Animal —.60 ‘ie hgy 
Concept 1* 2.967 Living thing —.63 6.14*** 
Concept (Normal IQ) 1s 5.468* - - 
Concept (High IQ) 2 116 Total —.61 10.16*** 
Trae calculation is baxdi on Cochrani methodi IP <00 ° 


which involves loss of 1 df for the regression equation. 
* P< 02. 


P < 01, 
wee P< 001. 


seems entirely reasonable, but the specific 
mechanism by which the effectiveness is 
enhanced has yet to be clarified. Is the 
greater effectiveness of the older and 
more intelligent Ss due merely to en- 
hanced speed of learning, that is, to a 
greater increment in response tendency 
per trial, or is there also a qualitative 
difference in the learning process? To 
answer this question learning curves of 
individual Ss were examined for the 
purpose of determining whether concept 
attainment was gradual or sudden. A 
gradual acquisition of the concept would 
be consistent with the continuity theory 
of learning and sudden acquisition with 
the theory of learning by hypothesis 
testing. In order to classify Ss into 
gradual and sudden learners their per- 
formance just prior to the 10 consecutive 
correct responses was examined. Each 


TABLE 7 


SSFUL Ss INTO GRADUAL AND SUDDEN LEARNERS 


BREAKDOWN OF S 


S was assigned a score which represented 
the percentage of correct responses in t 
10 trials preceding the final 10 (which 
were all correct). All Ss whose score fell 
below the median, which was 60%, we 
classified as sudden learners, and those 
whose scores fell above the median wei 
classified as gradual learners. Table 1 
shows the distribution of gradual ang 
sudden learners, together with a ch 
square analysis, which shows that tht 
incidence of sudden learners was a fung 
tion of intelligence, but that neither age 
nor concept hierarchy produced any dif 


4 Five Ss who fell into the gradual category 
had each achieved the concept in 20 trials 0 
less and made no more than two errors. Thest 
Ss were arbitrarily placed into the sudden 
category, as their performance seemed & 
justify. This accounts for the unequal nun 
ber of Ss in the sudden gradual categorie 
Two of the Ss had normal and three had hig 
intelligence. 


6-Yr. Ss 10-Yr. Ss 14-Yr, Ss All Ages 
Concepts Normal High Normal High Nowa! Hes 3 Normal Higi 

iai ea -aa A Ea a A S|] G.} EA A A A E TERT 

Bird E3 THS 5 [R612 y r A 6 | 15 | 16 

Animal A E EE EEE EUN A i T A e E e ra ETS 

Living thing |] OEO LE S Z 3] 2)6/] 4] 3] 7] 3 6} 6| 10 

Total 3)}4]/6)7)9 1] 11)15] 9 | 10} 13 | 21] 9 | 22) 28} 42 


Note.—S refers to 


sudden iearning, G to gradual learning. 
gence x? = 4.034, df = 1, P <.05; Concepts x? = 2.731, df = 2, not significant. 


Age x? = 1.066, df = 2, not significant; Intell 
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ference. From this finding an association 
between intelligence and concept attain- 
ment by hypothesis testing was inferred; 
an inference which is entirely consistent 
with recent findings by Kendler and 
Kendler (1959) and Kendler, Kendler, 
and Wells (1960). 

One otlter factor that may be related 
to performance must be considered. The 
instructions given to Ss did not direct 
them explicitly to try to discover a con- 
cept; but merely stated that attending 
to the *stimuli would help them win 
marbles. Theoretically, therefore, it is 
possible that the experimental task con- 
sisted of two stages: (a) the discovery of 
the problem, that is, that a concept is to 
be sought, and (b) the solution of the 
problem, that is, the discovery of the 
specific concept. The differences in per- 
formance associated with age and intel- 
ligence may be due to more effective 
performance at either or both of these 
stages. To determine whether problem 
finding is a significant variable and the 
extent of its influence upon performance, 
if any, would require a systematic study 
of the effect of instructions upon con- 
cept attainment, Recent findings on the 
effects of stimulus complexity upon con- 
cept attainment at two levels of intelli- 
gence (Osler & Trautman, 1961) support 
the interpretation of a difference in the 
process of concept attainment as a func- 
tion of intelligence. 

A few brief remarks concerning the 
correlation between errors and mental 
age are in order. The rank-order correla- 
tion was selected because the data did 
not meet the assumptions for either the 
product moment or the correlation ratio. 
The actual value of rho obtained is 
probably lower than the true value be- 
cause of the restricted range of talent 
in the present sample. The range of 
mental ages was restricted in terms of the 
ages studied and the minimum IQ re- 
quired; the error scores were restricted 
because of the maximum number of trials 
permitted. The relatively high values 
of rho obtained, despite these limitations, 
emphasize further the importance of the 
variables studied. 


SUMMARY 


This investigation was concerned with the 
effect of age and intelligence on concept 
attainment. The Ss were 180 children, 60 
in each of the following age groups: 6, 10, 
and 14 yr. They were divided equally into 
normal and high intelligence groups. Each 
S worked on one of the following concepts: 
bird, animal, or living thing. 

The response measures of trials to criterion 
and the number of successful Ss were analyzed. 
The following conclusions were drawn: (a) 
Age was associated with significant differences 
in errors to criterion and number of successful 
Ss. (b) Intelligence was associated with 
significant differences in errors to criterion 
and number of successful Ss. (c) The effect 
of concept hierarchy was nominal. It had 
no effect upon errors to criterion; but it did 
produce significant differences in number of 
Ss of normal intelligence who achieved the 
criterion of success. (d)When Ss were divided 
into sudden and gradual learners, it was found 
that the frequency of sudden learners was a 
function of intelligence, but not of age. This 

as interpreted to indicate the greater 
utilization of mediators by the superior Ss, 
(e)Rank-order correlations were computed 
between mental age and error scores and 
these were found to be highly significant. 


REFERENCES 


ARCHER, E. J., BOURNE, L. E., JR., & BROWN, 
F. G. Concept identification as a function 
of irrelevant information and instructions. 
J. exp. Psychol., 1955, 49, 153-164. 

Brian, C. R., & GoopEnovuGn, F. L. Rela- 
tive potency of color and form perception 
at various ages. J, exp. Psychol., 1929, 12, 
197-213. 

Cocnran, W. G. Some methods for strength- 
ening the common x? tests. Biometrics, 
1954, 10, 417-451. 

Corsy, M. G., & RoBERTSON, J. B. Genetic 
studies in abstraction. J. comp. Psychol., 
1942, 33, 385—401. 

DarrMan, P. E., & ISRAEL, H. E. The order 
of dominance among conceptual capacities : 
An experimental test of Heidbreder's 
hypothesis. J. Psychol., 1951, 31, 147-160. 

ErsmMan, B. S. Paired associate learning, 
generalization and retention as a function 
of intelligence. Amer. J. ment. Defic., 1958, 
63, 481—489. 

Grirritn, B. C., Spitz, H. H., & LIPMAN, 
R. S. Verbal mediation and concept 
formation in retarded and normal subjects. 
J. exp. Psychol., 1959, 58, 247-255. 


8 SONIA F. OSLER AND MYRNA WEISS FIVEL 


Hazuitt, V. Children’s thinking. Brit. J. 
Psychol., 1930, 20, 354-361. 

HEIDBREDER, E. Reasons used in solving 
problems. J. exp. Psychol., 1927, 10, 
397-414. 

HEIDBREDER, E. Problem solving in children 
and adults. J. genet. Psychol., 1928, 35, 
522-545. 

HEIDBREDER, E. The attainment of con- 
cepts: III. The process. J. Psychol., 1947, 
24, 93-138. 

HEIDBREDER, E. Experiments by Dattman 
and Israel on the attainment of concepts. 
J. Psychol., 1952, 34, 115-136. 

Horrman, H. N. A study in an aspect of 
concept formation, with subnormal, aver- 
age, and superior adolescents, Genet. 
psychol, Monogr., 1955, 52, 191-239. 

HuLL, C. L. Quantitative aspects of the 
evolution of concepts. Psychol. Monogr., 
1920, 28(1, Whole No. 123). 

KENDLER, T. S., & KENDLER, H. H. Reversal 
and nonreversal shifts in kindergarten 
children. J. exp. Psychol., 1959, 58, 56-60. 

KENDLER, T. S., KENDLER, H. H., & WELLS, 
D. Reversal and nonreversal shifts in 
nursery school children. J. comp. physiol. 
Psychol., 1960, 53, 83-88. 

KLINGBERG, G. The distinction between 
living and not living among 7-10 year old 
children, with some remarks concerning the 
so-called animism controversy. J. genet. 
Psychol., 1957, 90, 227-239. 

Levy, N. M., & Cuppy, J. M. Concept 
learning in the educationally retarded 
child of normal intelligence. J. consult. 
Psychol., 1956, 20, 445-448. 

Long, L. Conceptual relationships in 
children: The concept of roundness. J. 
genet. Psychol., 1940, 57, 289-315. 

Lone, L., & Wetcn, L. Reasoning ability 
in young children. J. Psychol., 1941, 12, 
21-44, 

OSLER, S. F., & Trautman, G. E. Concept 
attainment: II. The effect of stimulus 
complexity on concept attainment at two 


levels of intelligence. J. exp. Psychol. 
1961, 62, 9-13. l 

PIAGET, J. The child's conception of the world. 
New York: Harcourt, Brace, 1929. 

Pracet, J. The child's conception of physical 
causality. New York: Harcourt, Brace, 
1930. 

PLENDERLEITH, M. Discrimination learning 
and discrimination reversal ‘earning in 
normal and feebleminded children. J. 
genet. Psychol., 1956, 88, 107-112. 

Russert, R. W. Studies in animism: IL 
The development of animism. J. genel. 
Psychol., 1940, 56, 353-366. À 

RusseELL, R. W. Studies in animism: V. 
Animism in older children. J. genet 
Psychol., 1942, 60, 329-335. 


SEGEL, S. Nonparametric statistics for t 
behavioral sciences. New York: McGraw: 
Hill, 1956. 


Stevenson, H. W., & McBee, G. The 
learning of object and pattern discrimina: 
tions by children. J. comp. physiol 
Psychol., 1958, 51, 752-754. 

Stuart, H. N. A study of sensorimotor an 
conceptual thinking in children betwee! 
the ages of nine and eighteen. J. exi 
Educ., 1935, 4, 147-153. 

Tuompson, J. The ability of children 
different grade levels to generalize on sort 
ing tests. J. Psychol., 1941, 11, 119-126. 

VinackE, W. E. The psychology of thinkin 
New York: McGraw-Hill, 1952. 

WELCH, L. The genetic development of the 
associational structures of abstract think 
ing. J. genet. Psychol., 1940, 56, 175-206; 

We cu, L., & Long, L. The higher structu! 
phases of concept formation of childrel 
J. Psychol., 1940, 9, 59-95. 

Wetcu, L., & Lonc, L. Methods used b; 
children in solving inductive reasoni 
problems. J. Psychol., 1942, 14, 269-275. 

WELCH, L., & LonG, L. Comparisons 6f.tht 
reasoning ability of two age groups. 
genet. Psychol., 1943, 62, 63-76. 


(Early publication received 
December 28, 1960) 


Journal of Experimental Psychology 
1961, Vol. 62, No. 1, 9-13 


CONCEPT ATTAINMENT: II. EFFECT OF STIMULUS 
COMPLEXITY UPON CONCEPT ATTAINMENT 
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Recent experimental work has lent 
support to the,notion that discrimina- 
tion learning and concept attainment 
by children may be achieved either 
by mediational symbolic processes or 
simple S-R associations. The experi- 
mental evidence also points to an 
association between the specific learn- 
ing process characteristic of S and 
his intelligence. In a study of dis- 
crimination learning Kendler and 
Kendler (1959) found that fast learn- 
ers achieved a reversal shift more 
readily than a nonreversal shift, while 
the opposite was true of slow learners. 
From this result it was inferred that 
fast learners utilized mediators in the 
original discrimination, while the slow 
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learners achieved the discrimination 
through an S-R association. 

In a second study involving concept 
attainment by induction (Osler & 
Fivel, 1961) Ss were divided into 
gradual and sudden learners on the 
basis of the learning curves they 
generated. It was then found that 
in the group of superior intelligence 
there were more sudden learners than 
gradual learners, while the reverse was 
true in the group of normal intelli- 
gence, On the assumption that the 
gradual learners build up S-R associ- 
ations and that sudden learners test 
successive hypotheses, it is concluded 
that the process mediating concept 
attainment is a function of intelligence. 

The object of the present investiga- 
tion was to provide an experimental 
means for testing the inferred rela- 
tionship between intelligence and the 
specific learning mechanism involved 
in concept attainment. If hypothesis 
testing is more frequent among supe- 
rior than normal Ss, it should be 
possible to influence the performance 
of the superior group by varying the 
number of irrelevant dimensions, on 
which hypotheses can be based, in 
the concept exemplars. For Ss of 
normal intelligence, who tend to 
achieve solution by the gradual build- 
ing up of an S-R association, no 
systematic relation between the num- 
ber of stimulus dimensions and speed 
of solution is anticipated. 

The specific prediction, therefore, 
is that the performance measures in 
concept attainment will show a sig- 
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nificant interaction between level of 
intelligence and the number of ir- 
relevant dimensions in the concept 
exemplars. 


METHOD 


Stimuli —One concept was studied: the 
number fwo represented by two types of 
exemplars. The first method of representa- 
tion consisted of two solid black circles, } in. 
in diameter, placed in random fashion on a 
5X5 grid on white cards 2} in. square. 
The complete set consisted of 150 different 
patterns; these were called the formal two 
(FT) stimuli. The negative stimuli in this 
set consisted of the same black circles in 
numbers varying from one to five, excluding 
two, placed in unduplicated random patterns. 

The second method of representation was 
by means of two identical pictures of common 
objects pasted on cards identical to those 
used in the FT set. The pictures, which were 
in a variety of colors and sizes, were cut out 
from children's books and were different 
for each of the 150 cards, ‘This set of stimuli 
was called the object two (OT). The negative 
stimuli for this set consisted of the same types 
of pictures in numbers other than two. An 
effort was made to have the negative stimuli 
match their positive mates in general area, 
brightness, and color combinations. Figure 
1 contains examples of the two types of 
stimuli; but it should be remembered that the 
OT stimuli were actually multicolored. 
Altogether there were 600 different stimulus 
cards. 

The reason for choosing natura 
stimuli, rather than attempting to increa 
the complexity of the FT stimuli by intro- 
ducing the variables of color or shape, was to 


FiG. 1. Samples of the stimulus pairs used 


in the Formal Two (FT) and the Object Two 
(OT) concepts, respectively. 


SONIA F. OSLER AND GRACE E. TRAUTMAN 


create very large differences in the number of 
irrelevant dimensions in the concept ex- 
emplars without increasing their complexity 
to a point which gave the children of s uperior 
intelligence or older age an advantage in 
familiarity or in the availability of verbal 
labels. The use of common objects, pretested 
for familiarity, permitted the introduction of 
an exceedingly high number of“ attributes 
without the complications just enumerated. 
The weakness of this method of stimulus 
construction is that there is no control of the 
amount of irrelevant information; but for the 
purpose of this experiment this does not seem 
to be crucial, as long as it was reasonable to 
assume a difference in the amount of irrelevant 
information. 

Prior to the actual investigation the stimu- 
lus material representing the object two was 
shown to 10 children in each age and intelli- 
gence group to be tested. These children were 
asked to identify the pictures and those which 
were not properly identified were ¢ ded. 
The children used in this pretest did not serve 
as Ss in the experiment. The familiarity of 
the material was checked further by asking 
each S to identify 10 pairs of stimuli upon 
completion of the concept learning task. 
Different sets of 10 were used for each S. 
These data confirmed the fact that the 
pictures were entirely familiar to all « 

The rationale for the design of the stimuli 
was that the OT exemplars would suggest 
many more hypotheses than the FT exemplars 
because of the diversity in the shape, size, 
color, and content of the different objects 
represented. Preliminary work had shown 
that children gave three times as many 
different reasons for their choice of the OT 
as for the FT stimuli. For this reason 
it was anticipated that Ss of superior intelli- 
gence would find the OT stimuli more difficult 
than the FT stimuli, while this should not 
hold for Ss of normal intelligence. 

Subjects. —The Ss consisted of 120 school 
children attending elementary and junior 
high schools of Baltimore City and County, 
equally divided among 6, 10, and 14-yr. 
groups. Each S was within 6 months of the 
age specified. Half of the Ss within each age 
level had a WISC IQ of 90 to 109 (the mean 
IQ of the total normal intelligence group was 
101.3, SD = 5.73) and half had an IQ of 110 
or above (the mean IQ of the total high 
intelligence group was 119.7, SD = 7.46). 

Apparatus and procedure—The apparatus 
and procedure have been completely described 
by Osler and Fivel (1961). Each S, who 
worked individually, was asked to choose 
the correct one of two stimuli. Reinforce- 
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TABLE 1 


MEAN NUMBER OF ERRORS PER GROUP FOR REACHING CRITERION OF 10 
CONSECUTIVE CORRECT RESPONSES 


6-Yr. Ss 10-Yr. Ss 14-Yr. Ss All Ages 
eee Normal High Normal Hi Ni Nore 
Stimuli , io" 16 To” ig" mal Higi mal a h 


Mean| SD | Mean| SD 


Mean| SD | Mean| SD | Mean| SD | Mean) SD 


Mean} Mean 


Object Two 
Formal Two 


48.6 | 29,5) 55.1 | 25.3) 42.1 | 23.4) 49.1 | 27.2] 18.2 | 20,2] 19.3 | 26.3] 36.3 | 41.2 
48.0 | 28,9) 36.6 | 16.1] 47.6 | 24.0) 23.6 | 29.0) 15.5 | 19.3) 9.7 | 12.7] 37.0 | 23.3 


Note, — Eai 
ment which followed the choice of the concept 
exemplar consisted of marbles to be exchanged 
at the end of the experiment for a prize of S's 
selection. The S worked until he gave 10 
consecutive correct responses, which was the 
criterion of success. The maximum number 
of trials was 150 and any S who did not 
achieve criterion performance at that point 
was considered to have failed. A second 
session, held within two weeks of the first, 
was devoted to the administration of the 
WISC. 

Experimental design=—A 3X 2X2 fac- 
torial design was used, with three ages con- 
stituting one variable, the two methods of 
concept representation the second variable, 
and the two intelligence levels the third vari- 
able. This resulted in 12 groups with 10 Ss 
in each group, consisting of approximately 
the same number of boys and girls. 


RESULTS AND Discussion 


The results were analyzed in terms 
of two measures of performance: (a) 
the number of errors per group, and 
(6) the number of Ss who attained 
the criterion of success. Table 1 
shows the mean number of errors for 
each of the 12 experimental groups 
with the corresponding SDs, An 
analysis of variance of these data, 
shown in Table 2, indicates that, of 
the three independent variables, only 
age produced significant differences; 
neither intelligence nor mode of con- 
cept representation as main effects 
produced significant F ratios. How- 
ever, as predicted, the interaction be- 


ich mean is based on 10 Ss, total M = 120, 


tween intelligence and method of con- 
cept representation turned out to be 
significant at the 5% level. A break- 
down of the actual data shows that 
the interaction is due to the fact that 
Ss of superior intelligence found the 
OT exemplars more difficult than the 
FT exemplars (F = 7.739, df = 1/54, 
P < 01); while Ss of normal intelli- 
gence found both types of stimuli of 
equal difficulty. In fact, with the OT 
stimuli the superior Ss lost all ad- 
vantage of high intelligence, an ad- 
vantage which was evident with the 
FT stimuli and also in the previous 
concept studies by Osler and Fivel 
(1961), utilizing a similar procedure, 

The data on frequency of Ss who 
achieved the criterion of success are 
shown in Table 3. A Chi square 


TABLE 2 
ANALYSIS OF VARIANCE OF ERRORS 


Source df MS F 
(A) 2 | 10,994.28 | 17.09% 
Intelligence (1) | 1 | ‘589.63 
Stimuli (S) 1 | 2,201.63 | 3.42 
AXI 2) 124: 
AXS 2 44.3 
Sxi 1 | 2,594.70 | 4.03* 
AXSXI 2 | 363. 
Error (Within) | 108 | 643.45 
Total 119 
*P <.0S. 
"pP <.001, 
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TABLE 3 
NuMBER OF Ss PER GROUP WHO REACHED CRITERION PERFORMANCE 


6-Yr, Ss 10-Yr, Ss 14-Yr, Ss All Ages 
Stimuli 
Normal High Normal mige Normal High Nqmal Higi 
Object Two 4 3 6 4 9 7 19° 14 
Formal Two 5 8 6 8 9 10 20 26 


analysis shows that age (x? = 15.60, 
df = 2, P < .001) and concept repre- 
sentation (x? = 6.26, df = 1, P < .02) 
produced significant differences, while 
intelligence (x? = .036) did not. Be- 
cause of the significant interaction in 
the error scores between intelligence 
and mode of concept representation, 
the frequency data were analyzed 
separately for each intelligence group. 
This analysis showed that for the 
normal Ss concept representation 
made no difference (x? = .074), while 
for the superior Ss the OT stimuli 
were more difficult than the FT. stim- 
uli (x? = 10.80, df=1, P <01): 
The results of the analysis of the 
frequency data are in complete agree- 
ment with those obtained from the 
error scores. 


It has been demonstrated that the 
effect of increasing the number of irrele- 
vant stimulus dimensions was to slow 
down Ss of superior intelligence without 
affecting those of normal intelligence. 
These findings are consistent with the 
interpretation that in concept attainment 
high intelligence is associated with hy- 
pothesis testing, while normal intelligence 
is characterized by associative learning. 

In the experiment by Kendler and 
Kendler (1959) it was found that the 
use of mediating responses speeded up 
learning. Is the present finding of no 
difference between normal and superior 
Ss with the OT stimuli inconsistent with 
their finding? Any seeming inconsis- 
tency is easily dispelled by pointing out 
that where the number of irrelevant di- 
mensions is small, as is the case with the 


FT stimuli, the present* results are in 
complete accord with those reported by 
Kendler and Kendler, who also used 
simple stimuli. The more complex OT 
stimuli present a different problem, as 
is evident from the previous discussion. 
Bourne and Restle (1959) recently sug- 
gested an inverse relationship between 
the number of irrelevant dimensions and 
the speed of concept identification, with- 
out restrictions as to S variables. They 
attempted a validation of this theoretical 
formulation with data from several stud- 
ies, all of which used college students as 
Ss. Since these Ss are of superior intel- 
ligence, the findings are entirely con- 
sistent with those obtained in the present 
study for the high intelligence group. 
But what about the group of normal 
intelligence for which the relationship 
proposed by Bourne and Restle did not 
hold? In casting about for a possible 
explanation one might ask whether the 
confounding of complexity with thematic 
quality of the stimuli used in the present 
investigation might not have altered 
the experimental situation. Theoreti- 
cally it may have; but it is not immedi- 
ately apparent why the effect of thematic 
stimuli should have been different for the 
two intelligence groups. Bruner, Good- 
now, and Austin (1956, p. 108), who 
investigated selection strategies in con- 
cept attainment using abstract and 
thematic material, report that thematic 
material retarded the performance of 
their Ss by generating more incorrect 
hypotheses. Their Ss, who were Harvard 
undergraduates, are comparable to the 
superior group of the present study. 
Again, their results remain consistent 
with those reported here; but still this 
throws no additional light on the findings 
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with the normals. It may be that either 
Bourne and Restle should not extrapolate 
from their data obtained with superior 
Ss to those of normal intelligence; 
or that there is an interaction effect 
with the age variable whereby addi- 
tional dimensions produce effects upon 
adults byt not upon children of normal 
intelligence. 


SUMMARY 


The aim of this investigation was to pro- 
vide a means of testing a previous interpreta- 
tion that Ss of superior intelligence attain 
concepts by testing hypotheses while Ss of 
normal intelligence attain concepts through 
S-R associative learning. One hundred and 
twenty Ss, 60 at each intelligence level, were 
tested on a concept attainment task. Half 
the Ss worked with simple stimuli and half 
with complex stimuli. In each case the con- 
cept to be attained was the same, that of the 
number two. Because the complex stimuli 
would generate more hypotheses than the 


simple ones, it was predicted that they would 
slow down the superior Ss, but not affect the 
normal Ss. On two measures of performance, 
number of errors to criterion and frequency 
of Ss attaining criterion, the prediction was 
confirmed. 
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PAIRED-ASSOCIATE VERBAL LEARNING ! 
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The Law of Acquaintance is cur- 
rently enjoying a scientific revival 
among human learning psychologists. 
According to Robinson: “the act of 
reading or reciting ... may... in- 
fluence the facility with which that 
act enters into new associations” 
(1932, p. 118). Despite its premature 
announcement nearly thirty years 
ago, very little evidence favoring 
this principle was available until the 
past decade when the quantitative 
effects of frequency of stimulation 
(n) upon recognition behavior and 
familiarity judgments were discovered 
(Arnoult, 1956; Noble, 1954, 1960; 
Solomon & Postman, 1952; Under- 
wood & Schulz, 1960, Exp. I). In 
general, the facilitation functions for 
a variety of materials are negatively 
accelerated in the range n=0 to 40, 
with returns diminishing rapidly 
around n = 20. Serial learning pro- 
ficiency (R%) is similarly affected by 
n (Hovland & Kurtz, 1952; Noble, 
1955; Riley & Phillips, 1959; Under- 
wood & Schulz, 1960, Exp. III), but 
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paired-associate learning presents a 
maze of contradictions. 

One of G. E. Miiller’s students 
(Winzen, 1921) made an garly attempt 
to determine whether familiarization 
is more influential in the stimulus (S) 
or in the response (R) position. Learn- 
ing pronounceable syllables which 
they had seen either 0 or 20 times the 
day before, Ss practiced by the method 
of right associates (Treffermethode) 
at a presentation rate of about one 
S-R pair every 9 sec. Winzen re- 
ported that the combination Szo-Ro 
produced more correct responses than 
the combination So-Ro. Unfortu- 
nately, the control pairs Sp-Ro and 
Sso-Rao were not included in the ex- 
perimental design, nor was the sta- 
tistical treatment adequate by modern 
standards to permit any definite con- 
clusions. Two recent studies (Cieutat, 
1960; Morikawa, 1959, Exp. II) lend 
partial support to Winzen’s observa- 
tions, but other investigators have 
either found null results (Bailey & 
Jeffrey, 1958; Mandler & Campbell, 
1957; Waters, 1939) or contradictory 
evidence (Sheffield, 1946; Underwood 
& Schulz, 1960; Weiss, 1958). These 
experiments will be discussed later. 

The present study was designed 
to evaluate an hypothesis based 
on data pertaining to meaningfulness 
(Noble, 1952a) available in 1957. 
Two independent experiments by 
Cieutat, Stockwell, and Noble (1958), 
confirmed since by others (Cieutat, 
1959; Hunt, 1959; Morikawa, 1959, 
Exp. I), showed significant effects of 
meaningfulness on both the S term 
and the R term but a greater influence 
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on R than on S. Mindful of the serial 
learning data, they reasoned that if 
differences in the learning of paired 
associates varying in meaningfulness 
are due primarily to the positive 
transfer effects of n, an appropriate 
experiment 

might reveal that meaningfulness is a second- 
ary phenomenon derivable from the same 
basic variable that controls all learning. This 
coordination -would be demonstrated neatly if 
one could produce similar acquisition curves 
by manipulating either (frequency or mean- 
ingfulness). The empirical question [they 
concluded] is whether familiarization would 
affect the S and R terms differentially (1958, 
p. 201). 


Since it is known that R% is a func- 
tion of meaningfulness in serial and 
paired-associate learning (Noble, 
1952b; Noble & McNeely, 1957) ; that 
R% is a function of familiarization in 
serial learning; and that the meaning- 
fulness of the R term in paired asso- 
ciates contributes more to learning 
proficiency than the S term, it follows 
that if familiarization is the sole basis 
of the meaningfulness effect, then 
familiarization should facilitate the 
learning of paired associates in a 
similar manner. In symbolic terms, 
the following three implications were 
drawn by analogy to the two experi- 
ments by Cieutat, Stockwell, and 
Noble (1958): (a) (S2o-R2o) > (So-R20) 
> (Seo-Ro) > (So-Ro). (b) All main 
effects due to the stimulus term (S), 
the response term (R), and number 
of practice trials (N) should be sig- 
nificant. (c) Given enough practice, 
there ought to be significant two- 
factor interactions (S X R, S X N, 
R X N) anda three-factor interaction 
(SX R XN). 

Should the main effects and inter- 
actions turn out radically different 
from the predictions above, it would 
incline one toward the alternative 
hypothesis that familiarization (n) 
cannot be used to explain all of the 


variance in R% scores thought to be 
due to meaningfulness (m), and that 
there must be more to meaningfulness 
than sheer frequency of experience, 
e.g., number of associations (Noble, 
1961; Parker & Noble, 1960). The 
latter is the view of m originally 
espoused by the second author (Noble, 
1952a); hence the present investiga- 
tion is at once an indirect test of the 
associationistic concept of meaning- 
fulness and a direct test of Winzen’s 
stimulus-familiarity hypothesis. 


METHOD 


Design considerations.—The experiment 
consisted of two phases: familiarization and 
learning. In the familiarization phase Ss 
received either 0 or 20 independent exposures 
(n) of items of low meaningfulness (m) and 
familiarity (f). The words” later to be 
designated as S and R terms were never 
paired; each was presented as a single stimulus 
to which S made the identifying response 
of pronunciation. This insured stimulus 
reception as well as exercise of the response. 
The learning phase was designed to determine 
whether n» facilitated learning, and if so, 
whether familiarization differentially influ- 
enced the relative contributions of S and R to 
the learning of five pairs of the previously 
isolated items. Four experimental groups 
were formed by all combinations of locus 
(S vs. R).and amount (0 vs. 20) of familiari- 
zation, while a control group received no 
familiarization training. All Ss practiced the 
same five S-R pairs during the learning phase, 
so any observed differences in R% scores 
among the experimental groups would have 
to be attributed to effects of the familiarization 
phase. 

Several methodological points must be con- 
sidered. First, high m theoretically requires 
high n, but not conversely (Noble, 1953); 
familiarization effects in this study may not, 
therefore, be explained as changes in meaning- 
fulness. One experiment consistent with this 
view (Riley & Phillips, 1959) found that al- 
though serial learning of CVC material was 
accelerated by prior familiarization, the m 
values of the CVCs were unaffected. Second, 
it is important in the present investigation to 
use independent groups of naive Ss in a con- 
stant-trials design. The purpose of this is to 
study acquisition phenomena including inter- 
actions, to avoid interference effects, to permit, 
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unbiased tests of S-R interaction, and to 
provide controls for generalized familiariza- 
tion influences. Finally, in the interest of 
standardization, the familiarization and trans- 
fer operations are similar to those employed 
in earlier studies in this series. 
Apparatus—Instrumentation consisted of 
a Viewlex Viewmatic automatic slide projector 
(No. RCP-1) for the familiarization phase 
and a Patterson memory drum (No. 1-A) for 
the learning phase. The projector was 
equipped with a circular slide cartridge having 
a capacity of 30 2 X2 in. slides. Four 
cartridges were required, each of which con- 
tained the familiarization items for a single 
experimental group. The memory drum was 
fitted with a white tape containing the paired 
associates typed in capital letters. A sliding 
shutter over the aperture permitted S to view 
either the left or the right side of the drum. 
The projection and tachistoscopic functions 
were controlled by two Hunter electronic 
timers set to expose each slide for 1 sec., and 


TABLE 1 


FAMILIARIZATION LISTS FOR THE FOUR 
EXPERIMENTAL Groups APPEARING 
IN EACH Projector CARTRIDGE 


to provide a 1.4-sec. interstimulus period.? 
This gave a presentation rate of one slide 
every 2.4 sec. in the familiarization phase. 
For the learning phase, the intertrial interval 
was 8 sec., and the S item appeared for 2 sec. 
followed by the S and R items together for 
2 sec. 

Learning materials—Fifteen dissyllabic 
“words,” mostly paralogs, were used for 
familiarization training. Ten of these (rele- 
vant items) also appeared as the S-R elements 
of the paired-associate lists in the learning 
phase, while the remaining five (irrelevant 
items) were used only as fillerS in the familiar- 
ization phase in order to equate the total num- 
ber of exposures for Ss in the four experimental 
conditions. All items were chosen from the 
low end of the m and f scales (Noble, 1953) 
so that the mean median m value was .30, 
and the mean f value was .41. Low scale 
values were used in order to reduce the number 
of possible S-R connections formed outside 
the experimental situation and to insure com- 
parability with the previous serial learning 
study (Noble, 1955). The four familiarization 
lists are reproduced in Table 1. 

Subjects —The Ss were 120 male and female 
college students obtained on a voluntary basis 
at Louisiana State University in 1957. Ages 
ranged from 17 to 43 yr. (mean = 19.3 yr.), 
and all Ss were naive with respect to paired- 
Twenty-four Ss were as- 
signed to each of the four experimental groups 
in a counterbalanced order of arrival at the 
laboratory. An additional 24 Ss were used 
as a special control group which received 
no familiarization training. The E engaged 
these Ss in conversation for an amount of time 
equivalent to the familiarization phase, then 
proceeded to the learning phase. 

Procedure.—¥ our experimental groups were 
formed in terms of locus and amount of famil- 
iarization, as follows: S2o-Rao, So-Roo, S2o-Ro, 
In the familiarization phase, S was 


instructed to pronounce each dissyllable aloud 
as it was projected on the screen, The Ss 
were not informed of the subsequent learning 
phase. As shown above in Table 1, the rele- 
vant items were separated by irrelevant items 
in order to reduce the formation of any initial 
S-R connections before the learning phase. 
The ratios of relevant to irrelevant items in 
the S2o-Rao, So-Rao, Sao-Ro, and Sp-Ro groups, 
respectively, were 20/10, 10/20, 10/20, and 
0/30. Since each relevant item was exposed 


Su-Re So-Rio SERI So-Ro associate learning. 
DELPIN DELPIN DELPIN DELPIN 
BYSSUS BYSSUS RYSSUS BYSSUS 
‘ULNA ZUMAP ULNA JETSAM 
TAROP JETSAM TAROP ZUMAP 
GOKEM DELPIN GOKEM BYSSUS 
NOSTAW QUIPSON NOSTAW QUIPSON 
RJ SAGROLE Byssus |p JSAGROLE| |ZUMAP 
NOSTAW ZUMAP NOSTAW DELPIN: 
GOKEM {JDELPIN GOKEM QUIPSON 
TAROP JETSAM TAROP JETSAM 
ULNA QUIPSON ULNA RYSSUS 
SAGROLE BYSSUS SAGROLE| |DELPIN 
JETSAM JETSAM ‘JETSAM JETSAM 
ZUMAP ZUMAP ZUMAP ZUMAP 
J QuIPsON QUIPSON QUIPSON | y JQUIPSON 
BYSSUS BYSSUS BYSSUS BYSSUS SOR 
ZUMAP ZUMAP ZUMAP ZUMAP TOE 
DELPIN DELPIN DELPIN DELPIN 
VOLVAP VOLVAP ZUMAP QUIPSON 
XYLEM XYLEM JETSAM DELPIN 
MEARDON MEARDON| {J DELPIN ZUMAP 
KUPOD KUPOD QUIPSON | |JETSAM 
RJLATUK |pRJLATUK BYSSUS DELPIN 
KUPOD KUPOD ZUMAP BYSSUS 
MEARDON MEARDON| | DELPIN QUIPSON 
XYLEM XYLEM JETSAM JETSAM 
VOLVAP VOLVAP QUIPSON BYSSUS 
LATUK LATUK RYSSUS ZUMAP 
1 Joun I (aay QUIPSON QUIPSON 
JETSAM JETSAM JETSAM JETSAM 
I | 5@2 ea. 5@4 ea. 5@4 ea. 5@6 ea. 
R|10@2ea.| 5@2 ea. 5@2 ea. none 
= 30 30 30 30 
a 


Note.—R = relevant items, I = irrelevant items, 


? The present exposure duration is from 
1.3 to 2.0 sec. briefer than those used in earlier 
studies (Noble, 1954, 1955), but the inter- 
stimulus period is the same, 
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twice in each cartridge, 10 revolutions were 
required to obtain 20 exposures. There were 
300 exposures in all. 

In the learning phase, S was instructed to 
anticipate the R term after the first trial. 
As is standard in this series, both S and R 
were pronounced and the correction method 
was used. Seventeen learning trials were 
given, with the two groups of five relevant 
‘items constituting the S and R terms. Re- 
sponses were scored as correct (R+) or 
erroneous (R—). ‘The criteria for an errone- 
ous response were as follows: (a) omissions, 
(b) late responses, (c) mispronounced re- 
sponse, (d) the same response repeated three 
times in succession during a single trial. The 
Ss had to maintain a uniform pronunciation 
of the paralogs in order to receive R+ scores 
by the third error criterion. To neutralize 
accidental order effects, two lists of S-R pairs 
were formed. The Forward list, mounted on 
the left side of the memory drum, consisted 
of pairs formed from the 10 relevant items. 
The Reverse list, mounted on the right side 
of the drum, transposed these items so that 
Sı became Ri, Sa became Ro, etc. The Æ 
constructed four random trial sequences to 
minimize serial learning effects. These learn- 
ing lists are reproduced in Table 2. There 
were three Forward and three Reverse Ss 
assigned to each of the four trial sequences, 
making a total of 24 Ss per condition. The 
familiarization and learning phases required 
12 min. each, separated by a 1-min. rest 
interval during which Æ engaged S$ in con- 
versation. Total time, including instructions, 
was approximately 27 min. for all Ss. 

* Instructions.—The familiarization instruc- 
tions were given verbatim as follows: 


This is an experiment on verbal learning. We are 
interested in the general learning process common to all 
people and are not testing your intelligence or person- 
ality, In the first part of the experiment you will be 
shown slides to get you acquainted with the procedure. 
With this projector, I am going to flash on the screen 
some two-syllable words similar to actual words. 
Probably you have never seen any of them before so 
there is no standard or correct pronunciation. All you 
have to do is say each word out loud before it leaves 
the screen. Whichever way you pronounce each word 
when we start is all right, but try to say it the same way 
each time the word comes up. Do not try to memorize 
the order of the words because this will change con- 
stantly. Please say each word loudly and clearly 
enough so I can hear and understand you. In this way 
I will be sure to give you credit for a response. Try 
to say the word before it leaves the screen, since the 
words come in rapid order. Are there any questions? 
Now remember, if you see “dinner,” say "dinner." 
Ready? 


The learning instructions were given 
verbatim as follows: 


TABLE 2 


Partrep-AssociaTE Lists AND TRIAL SE- 
QUENCES FOR ALL GROUPS DURING 
THE LEARNING PHASE 


Learning Lists 
Trial 
Sequences| 
Forward Reverse 
I TAROP XYLEM XYLEM TAROP 
SAGROLE LATUK |LATUK SAGROLE 
GOKEM MEARDON | MEARDON GOKEM 
ULNA VOLVAP |VOLVAP ULNA 
NOSTAW KUPOD |KUPOD NOSTAW 
I ULNA VOLVAP |VOLVAP ULNA 
GOKEM MEARDON | MEARDON GOKEM 
TAROP XYLEM |XYLEM  TAROP 
NOSTAW KUPOD |KUPOD NOSTAW 
SAGROLE LATUK |LATUK SAGROLE 
11 GOKEM = MEARDON| MEARDON GOKEM 
NOSTAW KUPOD | KUPOD NOSTAW 
ULNA vi VOLVAP ULNA 
SAGROLE LATUK  SAGROLE 
TAROP XYLEM  TAROP 
IV NOSTAW KUPOD KUPOD NOSTAW 
ULNA VOLVAP | VOLVAP ULNA 
SAGROLE LATUK | LATUK — SAGROLE 
TAROP XYLEM =| XYLEM  TAROP 
GOKEM MEARDON | MEARDON GOKEM 


This is the second part of the experiment. Here is a 
memory drum. Shortly after the apparatus starts, 
you will see a word in the window. You are to pro- 
nounce this word and those that follow it as you see 
them. First, a word will appear alone, then the shade, 
will rise and you will see another word, You are to 
pronounce them both, After you have seen this entire 
list once, your job will be to call out each single word 
and then to anticipate the word with which it was 
paired, In other words, as you see the single word, 
you are to pronounce it, and then immediately you are 
to pronounce the word with which it was paired before 
the second word appears. If you fail to anticipate an 
item, pronounce it when it appears anyway. If you 
think you know what a word will be but are not sure, 
guess, It will not hurt your score any more than to say 
nothing, and if you get it correct it will count as a 
success. If you anticipate a word incorrectly, correct 
yourself as soon as the word appears. Remember to 
pronounce each item aloud. Do not try to think ahead 
more than one step at a time or to count, because the 
order of the pairs will change as the list is repeated. 
Do not try to use any special system in your learning. 
Simply associate each single word with the word with 
which it is paired. Please try to pronounce all words 
the same way each time they appear so that I can give 
you credit for a correct response, Any questions? 


RESULTS 


The major results of the experiment 
are shown in Fig. 1. Percentages of 
correct responses (R%) are plotted 
as a function of amount of practice 
(N) grouped in blocks of two trials 
for the five conditions. The influence 
of S-term familiarization is greater 
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Fic. 1. Acquisition curves for a list of five 
paired associates as a function of practice 
under four different combinations of low 
(n = 0) and high (» = 20) frequency of stim- 
ulus (S) and response (R) term familiarization. 
(The Control group received no prior famil- 
iarization experience. Each curve contains 
24 Ss.) 


than that of R-term familiarization, 
while the effect of the latter treatment 
is little different from having no 
familiarization at all. Total R+ 
scores for the various groups during 
the 17-trial period, given in paren- 
theses, were ordered as follows : Sz9-R 20 
(735), Seo-Ro (689), So-Ro (542), Con- 
trol (524), So-Reo (504). The S-term 
difference is (1424— 1046 = ) 378 units, 
contrasted with an R-difference of 
only (1239—1231 =) 8 units. An 
8 X 5 Type I mixed-factorial analysis 
of variance (Lindquist, 1953, p. 267) 
was performed on the R+ scores from 
which Fig. 1 was constructed. There 
were significant main effects of Prac- 
tice (f= 157.29; df=7/805; P <.001) 
and Conditions (f= 2.69; df=4/115; 
P < .05), but the interaction was not 
significant (F < 1.00; df = 28/805). 
In order to test for a learning-to- 
learn familiarization effect, the Con- 
trol group may be considered a base- 
line from which to measure possible 
generalized influences of the familiar- 
ization phase on the learning phase. 
A 3 X 1 simple-randomized analysis 
of variance (Lindquist, 1953, p. 47) 
was therefore applied to the overall 
R+ scores of the Control group and 
the two So groups, omitting both Szo 


groups. The result gave no evidence 
of any nonspecific familiarization ef- 
fect (F < 1.00; df = 2/68; P > .20), 
so the three lowest curves in Fig, 1 
may be regarded as the same except 
for sampling fluctuations. There is 
neither a relevant response effect 
(So-Reo vs. So-Ro) nor an irrelevant 
stimulus-response effect (So-Ro vs. 
Control) that can be attributed to 
the 300 trials of stimulation and 
pronunciation experienced duriag the‘ 
familiarization phase. 

To evaluate possible two-factor 
and three-factor interactions, a 16X2. 
X2, NXSXR Type III mixed 
factorial analysis of variance (Lind- 
quist, 1953, p. 281) was performed on 
the individual trial R+ scores for the 
four experimental groups only. The 
summary, shown in Table 3, indicates 
significant main effects of Practice 
(N) and Stimulus Familiarization (S). 
Neither the Response Familiarization 
(R) factor nor any of the interactions 
were significant sources of variance. 

Because R+ scores do not reveal 
any Practice X Conditions interac- 
tions, the facilitation due to S-term 
familiarization must be largely an 
initial effect followed by latter paral- 


TABLE 3 


ANALYSIS OF VARIANCE OF CORRECT RE- 
SPONSES (R-++) OF THE EXPERIMENTAL 
GROUPS DURING TRIALS 2-17 


Source df MS F 

Between Ss 95 
Stimulus (S) 1 | 93.02 | 7.86* 
Response (R) 1 04 00 
SXR 1 4,60 39 
Error (b) 92 | 11.83 

Within Ss 1440 
Trials (N) 15 | 57.99 | 84.30** 
SXN 15 .70 | 1.03 
RXN 15 44 .63 
SXRXN 15 54 78 
Error (w) 1380 69 
otal 1535 

=P <0. 

=P <.001. 


PATRED-ASSOCIATE LEARNING 19 


lelism. This hypothesis is confirmed 
by comparing the average number 
of trials or errors (R—) preceding the 
first correct anticipation of each S-R 
pair in all groups. Most of these R— 
scores were omissions rather than late 
or overt incorrect responses, so no 
qualitative analysis of errors will be 
made, Mean R— scores required to 
attain this reaction-threshold criterion 
(averaged over Ss not S-R pairs) were 
ordered as follows: Sz-Rz (5.20), 
Soo-Ro (5.33), Control (6.28), So-Reo 
(6.88), So-Ro (6.95). A5 X 1 simple- 
randomized analysis of variance (Lind- 
quist, 1953, p. 47) of these datagavean 
F ratio of 2.79 (df = 4/112; P < .05) 
which is significant. Again, the major 
difference favors the two Sz groups 
over the So groups, with the Control 
group in the middle. Employing ¢ 
tests of the deviations of each pair 
of extreme groups from the Control 
group based on the within-groups g? 
(Lindquist, 1953, p. 91), we find sig- 
nificantly more errors under the So 
(irrelevant n) combination and fewer 
errors under the Ss (relevant ») com- 
bination (t=3.31; df=112; P<.01); 
however, the two component ratios are 
not significant individually (£ 1.69; 
df = 112; P > .05). By the second 
correct (reinforced) anticipation all 
five groups have converged (F<1.00; 
df = 4/110), and the speed of error 
elimination is essentially constant 
thereafter in agreement with Fig. 1. 
Observed group trends in R+ scores 
thus probably reflect unequal levels 
of proficiency (number of associates 
attained per trial) rather than differ- 
ential rates of learning (growth of 
habit strength). 

The results lead us to state that n 
has a facilitative influence on paired- 
associate learning only when familiar- 
ized items become the S members. 
Prelearning familiarization with the 
R members fails to produce any sig- 


nificant result, and except for initial 
error effects there is no further inter- 
action between locus of familiarization 
(S vs. R) and amount of practice (N). 
In the light of these data, a simple 
stimulus-frequency theory of meaning- 
fulness (Cieutat et al., 1958; Under- 
wood & Schulz, 1960) must be re- 
jected as untenable, We conclude 
that familiarization (z) does not pro- 
duce effects which are equivalent to 
those produced by meaningfulness 
(m), and that m and n are therefore 
independent variables affecting verbal _ 
behavior. 


Discussion 


Two principal questions are raised by 
this experiment: (a) Are the results com- 
parable with those obtained by other 
investigators? (b) Assuming no arti- 
facts, what is the most reasonable inter- 
pretation of the current data? 

Comparability.—Eight laboratories have 
followed up Winzen's (1921) work. 
Negative results in the Waters (1939), 
Mandler and Campbell (1957), and 
Bailey and Jeffrey (1958) experiments 
seem to be contingent on the use of CVC 
or CCC materials and very brief amounts 
or durations of familiarization, Contra- 
dictory findings reported in the Sheffield 
(1946), Weiss (1958), and Underwood 
and Schulz (1960) experiments are also 
associated with trigram material; in addi- 
tion, the types and amounts of familiari- 
zation as well as the transfer tests are 
different. In opposition to Winzen, the 
hypothesis coming from this second 
group of studies suggests that familiar- 
ization is effective only in the R position, 
Occasionally there were signs of decre- 
mental influences of S-term familiar- 
ization (Sheffield, 1946; Underwood & 
Schulz, 1960, Exp. I, IV), but these 
trends were neither significant nor con- 
sistent (Underwood & Schulz, 1960, Exp, 
If). Although the latter experiments 
contain many ingenious features, there 
are difficulties in evaluating the R- 
facilitation and S-interference phenom- 
ena because of rather complex familiar- 
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ization techniques, sophisticated Ss, and 
incomplete factorial designs. Statistical 
tests of interaction among the S, R, and 
N factors are frequently lacking. As 
Underwood and Schulz say of their Exp. 
I, II, and IV: “they have raised more 
issues than they have settled regarding 
the effects of stimulus familiarization” 
(1960, pp. 125-126). 
` In support of Winzen, on the other 
hand, are the present data together with 
those of Morikawa (1959, Exp. II) and 
Cieutat (1960). Morikawa noted defi- 
nite S-facilitation in Japanese Ss when 
the R term was unfamiliar but little 
difference when the R term was familiar. 
A different procedural approach was 
tried by Cieutat in that pronounceable 
items of low m value were used, but he 
varied exposure duration (0 vs. 60 sec.) 
of the two terms (S vs. R) rather than 
frequency and did not require verbaliza- 
tion, Another difference is that his Ss 
served in all four combinations of dura- 
tion and locus; however, both S and R 
were pronounced in the transfer period, 
as in this experiment, and the Ss were 
from the same population. Cieutat 
found significant effects attributable to 
N and to the SX R interaction, the 
latter being observed as a weak S-term 
decrement under Ro, a strong S-term 
increment under Reo, and an overall 
main effect favoring stimulus familiariza- 
tion, (Referring to his Table 2, mean 
R+ scores for the Sp and Seo conditions 
were 2.31 and 2.50, respectively, whereas 
means for Roand Rgowere both exactly 2.41 
units.) Sustained viewing, possible inter- 
treatment interferences, and failure to re- 
quire articulation during the familiariza- 
tion period may account for theslight (sta- 
tistically marginal) inhibitory S-effect 
under irrelevant R-term familiarization; 
the absence of a reference level provided 
by an unfamiliarized control group pre- 
cludes firm inferences. This peculiarity 
is also characteristic of the Sheffield and 
Underwood-Schulz experiments. In one 
crucial respect, however, Cieutat’s data 
are quite consistent with Winzen’s and 
ours; namely, the significant superiority 
of his Sjo-Ro treatment combination over 
that of So-Reo. 
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The use of confounded and incomplete 
designs, unrelated or inadequate control 
procedures, Ss of heterogeneous experi- 
ence, diverse types or amounts of fa- 
miliarization, different learning materials, 
and varied methods of testing for transfer 
renders impossible any comparative eval- 
uation of the present findings in‘the same 
context with the above studies. About 
all that can be done from a constructive 
point of view is to urge that the reader 
be cautious in trying to’ resolve these 
conflicting reports, and to judge each 
set of experimental data in the light of 
its own methodology. With the reminder 
that our procedure was standard in this 
research program (e.g., specific familiar- 
ization technique), and that it was de- 
signed to meet certain boundary condi- 
tions (e.g., two-term articulation during 
learning), we turn now to a tentative 
explanation of the results. f 

Interpretation —The data permit three 
unequivocal statements: (a) relevant 
S-term familiarization produced signifi- 
cant superiority in total R+ scores 
whereas relevant R-term familiarization 
had no influence; (b) when compared 
with the unfamiliarized Control condi- 
tion, initial R— scores increased after 
irrelevant S-term familiarization and de- 
creased after relevant S-term familiariza- 
tion; (c) acquisition rates of correct 
responses and extinction rates of incor- 
rect responses both became independent 
of original familiarization following the 
first reinforcement in the list. 

Recalling the introductory discussion, 
a two-factor hypothesis may be suggested 
to account for the differential effects of 
m and n in paired-associate learning 
under these conditions. The evidence 
indicates that z is sufficient to influence 
behavior via the S term alone (stimulus 
predifferentiation) whereas m is jointly 
necessary to affect behavior via the R 
term (response patterning). One pos- 
sible explanation of S-term facilitation, 
considered earlier by the second author 
in connection with the complex famili- 
arization effects in serial learning (where 
the “perceptual” and ‘‘motor’” aspects 
of verbal learning are confounded), is 
provided by the principle of stimulus 
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constancy (Noble, 1955, p. 336). The 
core assumption, derived from the con- 
ditioning literature, is that repeated 
exposure-articulation sequences during 
the familiarization phase will attenuate 
variability in S's perceptual (e.g., orien- 
tation, fixation) and identifying (e.g., 
pronuncfation) responses to the paired- 
associate S terms when the learning 
phase is encountered. Assuming further 
that the stability of these perceptual 
and identifyittg responses grows in some 
negatively accelerated fashion with in- 
creasing » (like habit strength or famili- 
arity), their facilitative influences ought 
to be maximal early in the learning 
phase then subside later as paired-asso- 
ciate training progresses. Although less 
parsimonious than a simple frequency 
explanation, this notion helps to under- 
stand the consistent (but weak) S-effects 
of m which have been observed in a 
number of studies (Cieutat, 1959; Cieutat 
et al., 1958, Exp. I, II; Hunt, 1959; 
Morikawa, 1959, Exp. II; Underwood & 
Schulz, 1960).* 

Our two-factor hypothesis implies a 
systematic view of the verbal learning 
process which is somewhat at variance 
with that held by Underwood and Schulz 
(1960). Their two-stage analysis of 
“response-recall’’ followed by ‘“‘associa- 
tive hook-up” (reminiscent of Thorn- 
dikean selecting and connecting) postu- 
lates that frequency alone (e.g., n with- 
out reinforcement) is important for the 
first stage of learning, the second being 
related to meaningfulness (or pronunci- 
ability). So far we might agree, but 
they proceed from their “spew” hypoth- 
esis, which is based on free-recall phe- 
nomena, yet considered “not relevant 
for stimulus familiarization” (p. 100), 
to predict that (a) “rate of paired-asso- 
ciate learning should be an increasing 
function of amount of familiarization 


3 This tentative explanation does not pre- 
sume to account for the initial decrements in 
the So-Ro and Sp-Reo groups (relative to the 
Control), but it would not be inconsistent 
with a theory of stimulus variability to hy- 
pothesize that irrelevant familiarization in 
the S-position produces interference via 
stimulus trace generalization. ro 


training given the response units of the 
list,” and (b) that “response familiariza- 
tion should facilitate learning consider- 
ably more than stimulus familiarization” 
(pp. 100-101). The emphatic lack of 
any R-term effect or of an R > S relation 
in the present data is clearly embarrassing 
to the Underwood-Schulz hypothesis. 
But is our evidence relevant? A 
sophisticated critic might object that 
this investigation (using pronounceable 
words and paralogs) is not a fair test 
of the “spew” hypothesis because it fails 
to satisfy some of the Underwood-Schulz 
boundary conditions (e.g., CVCs and 
the spelling method). Unfortunately, 
these writers are neither very specific 
nor consistent about such matters (cf. 
the familiarization procedures, transfer 
tests, and Ss in Exp. I vs. Exp. IV), 
but in one chapter (p. 95) they describe 
a hypothetical task where, even though 
the responses are “well integrated” 
(pronounceable), prior differences in 7” 
are definitely expected to alter the 
“availability” (reaction threshold?) of 
the R terms. The present procedure 
appears to conform to these general 
requirements; only the data are recal- 
citrant, paradoxically. Considering their 
repeated emphasis on the first stage 
process, incidentally, we find it curious 
that Underwood and Schulz are less 
interested in initial performance and rate 
measurements than in overall analyses. 
A second possible objection to this 
experiment turns on our custom in this 
series of having Ss articulate both terms 
in the paired-associate learning phase. 
It may be claimed that this requirement 
either (a) produces an unusual amount 
of S-term familiarization, or (b) shortens 
the effective anticipation interval for the 
So groups as contrasted with the Sz 
groups. Briefly (aside from the stand- 
ardization issue), our rejoinder to (a) is 
that we believe double articulation is 
necessary both to guarantee stimulus 
reception and to provide an unbiased 
test of differences between the manipu- 
lated properties of the antecedent (S) 
and consequent (R) events. Since all 
factors except temporal succession should 
be equated when evaluating the effects 
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of S’s built-in response to an S term upon 
his ability to anticipate its paired R term, 
it seems elementary to have the former 
occur just as frequently as the latter 
during the learning phase (cf. also the 
rationale of the correction method on 
erroneous trials). This Underwood and 
Schulz did not do, hence it constitutes 
yet another difference between our pro- 
cedures. Such a criticism could be 
turned around and directed at those 
who introduce biases favoring R-term 
familiarization. 

The distributed-practice argument (b) 
is more plausible, though it loses force 
in view of Hunt’s (1959) report of null 
results in a Cieutat-Stockwell-Noble 
(1958, Exp. I) type of experiment in 
which half the Ss in each group articu- 
lated the paralogs while the other half 
did not. It is important to note that 
Hunt’s material, the same dissyllables 
of the m scale used herein, can be pro- 
nounced faster than CVCs can be spelled. 
Of course, no one can be sure without 
experimenting that S-R familiarization 
effects do not interact with distributional 
factors, but the likelihood appears slim 
in the present case because Ss in all 
groups except the Control were trained 
for 300 trials to pace their pronunciation 
responses at a 1-sec. rate during the 
familiarization phase. Furthermore, the 
So-Ro group is slightly superior to both 
the Control and the So-R2 groups on R+ 
performance throughout the learning 
phase. The same phenomenon occurs 
in Cieutat’s (1960) study. Both “spew” 
and distributional hypotheses imply the 
exact opposite of these observations. 
Appropriate experiments to settle this 
question will occur readily to most 
readers; meanwhile, the second author 
has some research in progress which 
indicates that type and tate of n are also 
relevant. The S-articulation factor is 
yet to be explored. 

Our best judgment at the present 
writing is that no serious artifacts or 
procedural errors are contaminating the 
interpretation presented above. To 
repeat, however, the familiarization issue 
is not yet definitely settled. Much 
undoubtedly remains to be learned about 
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the experimental control of n and the 
measurement of its effects. 


SUMMARY 


The role of familiarization (n) in paired- 
associate verbal learning was investigated. 
One hundred twenty Ss, divided.into five 
independent groups of 24 each, were used. 
Four experimental groups were formed by all 
combinations of locus (S vs. R term) and 
amount (0 vs. 20 exposures) of familiarization, 
while a Control group receivéd no familiari- 
zation experience. All groups then practiced 
a five-unit paired-associate list of dissyllables 
of low initial familiarity (f) and meaningfulness 
(m) for 17 trials. 

The influence of relevant S-term familiari- 
zation was positive and significant (P < .01), 
but not that of relevant R-term familiariza- 
tion. Analyses of correct responses (R+) 
revealed no evidence of an irrelevant (learn- 
ing-to-learn) familiarization effect, nor of any 
interactions between S or R and amount of 
practice, The initial effects of familiarization 
on incorrect responses (R —) were also signifi- 
cant (P <.05), causing decrements in the 
(irrelevant) So groups and increments in the 
(relevant) So groups when compared with 
nonfamiliarized controls. After the first 
correct (reinforced) anticipation, acquisition 


rates of R+ and extinction rates of R— were 1 


uniform for all groups. 

It was concluded that familiarization (7) 
and meaningfulness (m) operations do not 
produce equivalent effects on verbal behavior 
under these conditions. Contradictory re- 
sults from other laboratories were discussed, 
and a tentative two-factor hypoth 
presented as an attempted synthesis of the 
differential roles played by m and n in paired- 
associate learning. 7 
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PAIRED-ASSOCIATES LEARNING WITH VARYING 
RELATIVE PERCENTAGES OF OCCURRENCE OF 
ALTERNATIVE RESPONSE MEMBERS! 


ALBERT E. GOSS anp MARILYN E. SUGERMAN 


University of Massachusetts 


The purpose of the present ex- 
periment was to investigate learning 
with divergent paired-associates (PA) 
units: each divergent PA unit con- 
sisted of a single stimulus member and 
two response members, one of which 
occurred on p% and the other of 
which occurred on (1-~)% of the 
presentations of the stimulus member. 
One of the two major variables was 
relative percentages (RP) of occur- 
rence of the alternative response 
members of each unit; the other was 
number of units. 

Voss, Thompson, and Keegan (1959) 
have reported what are apparently 
the first experiments on acquisition 
with divergent units under conven- 
tional conditions of PA learning. In 
Exp. I and II, a different one of six 
RP from 50-50 to 100-0 in 10% steps 
was assigned in counterbalanced fash- 
ion to one of the units of a six-unit 
list. In Exp. ILI, the same PA list 
was used, but one of five RP from 
50-50 to 90-10 was assigned to all six 
units. Whether the same Ss had all 
or but one of the RP, percentages of 
anticipations of the more frequent 
response member for RP from 60-40 
to 90-10 exceeded actual percentages 
of occurrence of those members. 
Anticipations of the alternative re- 
sponses of the 50-50 RP were at or 
below 50%. 


1 Sponsored by the Office of Naval Re- 
search under Contract Nonr 2691 (00). Susan 
Gregory helped to prepare materials for the 
experiment, Nancy Farrick assisted in the 
collection and analyses of data, and Alice 
Reilly aided in analyses of data. 
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The present experiment comple- 
mented and extended those of Voss, 
Thompson, and Keegan. First, CVC 
nonsense trigrams of the presefit ex- 
periment were more conventional in 
form and origin than their CVCC 
units from a newly developed list. 
Second, the one-unit and four-unit 
lists of the present experiment filled 
the gap below their list with the same 
RP for all six units. Third, the one- 
unit and four-unit lists constituted 
a further variable: number of diver- 
gent units in a list, each with the 
same RP. 

Number of units was introduced 
because of the general importance of 
length of material for learning and 
performance. The one-unit value was 
selected in part because it was the 
minimum length. More importantly, 
the stimulus-response relationships of 
a single divergent PA unit seemed 
homologous to those of certain simple 
two-choice situations for human Ss 
involving a single first stimulus fol- 
lowed by one or the other of two 
second stimuli, each of which pre- 
sumably evokes a different response.” 

? Simple two-choice situations which in- 
volve a single first stimulus followed only by 
one or the other of two second stimuli should 
be distinguished from those which involve 
a single first stimulus and not only one or the 
other of two second stimuli but also additional 
correlated stimuli (e.g., one amount of reward 
accompanying one of the second stimuli and 
another amount of reward or loss of reward 
accompanying the other of the second stim- 
uli). Only findings and theory for the former 
situation are pertinent to learning with diver- 
gent PA units whose second stimuli are only 
the response members of a unit. 
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Accordingly, the one-unit list tested 
the generality of equations, such as 
Estes’ (1959b, p. 411), whose implica- 
tions for a single divergent PA unit 
with two response members are that 
percentages of anticipations of the 
more frequent (or the less frequent) 
response member will approach actual 
percentages of occurrence of that re- 
sponse member in negatively-acceler- 
ated fashion? at a rate independent of 
RP. * Lists of divergent PA units 
can be conceptually decomposed into 
n single units. The four-unit list, 
therefore, tested whether or not pre- 
dictions based on equations and find- 
ings for simple two-choice situations 
and also for a single divergent unit 
could be extended without modifica- 
tion to lists of more than one unit. 


METHOD 


Experimental design.—Six relative percent- 
ages of occurrence of alternative response 
members of each PA unit (50-50, 60-40, 
70-30, 80-20, 90-10, 100-0) were used with 
a four-unit list and with one-unit lists in- 
volving three conditions of presentations. 
(Hereafter the four-unit list and the three 
conditions of presentation are collectively re- 
ferred to as lists, list conditions, or L.) The 
three conditions of presentation controlled for 
possible differences in learning with four-unit 
and one-unit lists attributable to length and 
variability of time intervals between succes- 
sive occurrences of the same PA unit, and 
to the nature of the stimuli and Ss’ activities 
during those intervals. 

With a four-unit list, each repetition of a 
particular unit is, on the average, separated by 
occurrences of the three other units. With a 
one-unit list, the time interval between each 
occurrence of the unit might be the same as 
the time interval between each of the four 
different units of a four-unit list. If so, the 
time interval between the single unit would 
be short and constant, while the time inter- 
vals between repetitions of the same unit in a 
four-unit list would be longer and variable. 
The one-unit condition involved a constant 
2-sec. interval between successive presenta- 
tions of the paired-associates unit. The one- 
unit spaced condition involved time intervals 
between successive presentations of the paired- 


associates unit whose average length and vari- 
ability of the time intervals between succes- 
sive presentations of that particular unit in a 
four-unit list. The one-unit spaced condition 
did not control for differences between four- 
unit and one-unit spaced lists with respect to 
rehearsal, associations with syllables of other 
units, and warm up. With the one-unit 
random condition, in order to minimize re- 
hearsal of the responses of a particular unit 
and to provide warm-up experiences as well 
as the possibility of associations between the 
syllables of that particular unit and those of 
other units, time intervals between successive 
occurrences of the same paired-associates unit 
were filled by occurrences of pairs of syllables 
whose pairing was random rather than 
constant. 

Subjects—Men and women students en- 
rolled in the introductory course in psychology 
at the University of Massachusetts partici- 
pated as Ss in partial fullfillment of course 
requirements. The 24 combinations of RP 
and L were run in eight counterbalanced 
cycles, with Ss being assigned to a particular 
combination in order of its occurrence and 
Ss’ appearance until there were 8 Ss in each 
combination, a total of 192 Ss. Data from 
28 other Ss could not be used because of Es’ 
errors (N = 8), apparatus failures (N = 8), 
or Ss’ inability of refusal to continue (V=12). 
Seven of the latter 12 were distributed among 
three RP with the four-unit list; the remainder 
were distributed among the three one-unit 
conditions. 

Lists—The CVC trigrams of the PA units 
of the four-unit and one-unit lists, with the 
recently obtained Archer (1960) association 
values in parentheses, were wom (67%) fol- 
lowed by TEX (100%) or Lik (91%), RUF 
(86%) followed by pot (94%) or cen (75%), 
FES (69%) followed by vic (97%) or BAL 
(91%), and Nav (72%) followed by nop 
(90%) or sur (91%). None has more than 
one letter in common with any other. The 
stimulus member and the one response mem- 
ber of each PA unit of a given trial were typed 
in elite capitals on the same line, 3 in. apart, 
on white paper, then attached to white 
plastic cards and presented by Hunter Card 
Master. 

(a) Four-unit. Each trial consisted of one 
presentation of all four of the stimulus mem- 
bers, each of which was accompanied by one 
or the other of the two response members 
of that unit. Orders of occurrence of the four 
stimulus members during each trial, regard- 
less of occurrences of response members, were 
determined by selecting two groups of 10 of 
the 24 permutations of four events. The 
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10 permutations of one group differed from 
those of the other group. Within each of 
these groups of 10 permutations, occurrence 
of a particular permutation was randomly 
determined, Since 120 trials were adminis- 
tered, each of the two groups of 10 permuta- 
tions was repeated int sequence which was 
determined randomly, subject to the con- 
straints that each group of 10 permutations 
should occur 6 times and that neither group 
should occur more than 3 times in succession. 

For the 50-50 RP, wom was followed by 
LIK 50% of the time and by tex 50% of the 
time, and similarly for the pairs of response 
members for RUF, FES, and NAV. 

Under each of the other relative percent- 
ages, TEX, DOL, VIC, and HOR occurred with 
the same larger or smaller percentage and 
LIK, CEN, BAL, and suR occurred with same 
smaller or larger percentage, respectively. 
For example, for half of the Ss with RP of 
60-40, TEX, DOL, vic, and HOB each occurred 
on 60% of the trials while LIK, CEN, BAL, and 
SUR each occurred on 40% of the trials. For 
the other half of the Ss Tex, DOL, vic, and 
Hop each occurred on 40% and Lik, CEN, 
BAL, and SUR each occurred on 60% of the 
trials. Thus, relative percentages of occur- 
rence of TEX, DOL, vic, and HOB and of LIK, 
CEN, BAL, and sur were counterbalanced. 
For the other RP, occurrences of members 
of these two sets of alternative responses 
were counterbalanced in the same way. 

‘There were two constraints on the random- 
ness of occurrences of alternative response 
members of each unit, One constraint was 
that the particular RP would be realized for 
each unit within each of the two groups of 
10 permutations of orders of occurrence of 
stimulus members. ‘The other constraint was 
that the patterns with which these RP were 
realized were the same through each of the 
six repetitions of each of the two groups of 10 
permutations, 

(b) One-unit. For each RP, there were 
eight one-unit lists, each of which was one 

the units of the four-unit list with one or 
the other response member occurring more 
frequently. For the 50-50 RP, the order 
of the alternative response members was 
interchanged. Each list was administered 
toa different S. 

) One-unit spaced. Length and vari- 
ability of time intervals between successive 
Presentations of the unit were the only dif- 
ferences between one-unit and one-unit spaced 
conditions, These intervals were obtained 
for each of the eight lists by inserting blank 
cards for the three PA units of the four-unit 
list which were not being used. 
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(d) One-unit random. Instead of the blanl 
cards of the one-unit spaced condition thei 
were pairs of syllables which had been form 
by drawing 30 successive pairs of syllabl 
at random from decks of 60 syllables. Bae’ 
deck consisted of the nine syllables which were 
the members of the three units not being used’ 
as the constant unit. There were 10 instances” 
of each of three syllables which were stimulus 
members of these three units and five ins 
stances of each of the six syllables which were 
response members. Within the 30 pairs, 
each of the nine syllables was paired with 
each of the other eight syllables, and each” 
was, on the average, a stimulus member half 
of the time and a response member half of the 
time. 

Apparatus and procedures.—Each unit was 
presented at a 2:2 sec, rate by means of a 
Hunter Card Master. Each exposure of the 
blank cards of the one-unit spaced lists was 
for 4 sec. The interunit interval of the four- 
unit, and one-unit random conditions was 
2sec. The interunit interval and the intervals 
between units and blank cards or between 
blank cards of the one-unit d condition: 
were each 2 sec., but counting the time re- 
quired for occurrences of blank cards, time 
intervals between successive presentations 
of the single unit ranged from 2 to 38 sec. 
about a mean of 20 sec. 
h of the units of the four-unit list and” 
the single unit of the one-unit, on 
and one-unit random conditions was pres 
sented 120 times. Under the one-unit spaced 
condition, the 120 pi vtations of a unit 
alternated with 360 presentations of blank 
cards. Under the one-unit random condition, 
the 120 presentations of a unit alternated 
with 360 presentations of the randomly- 
formed pairs. 

The same essentially standard instructions 
for paired-associates learning, with anticipas. 
tions spelled, were given to Ss in each of the 
24 combinations of conditions. They were 
not told that each stimulus member might 
have alternative response members. 


RESULTS 


For RP from 60-40 to 100-0, the 
response measure was percentage of 
anticipations of the more frequent and 
less frequent response member of each 
unit in each of six successive blocks 
of 20 trials each. During the last 
60 trials under all four list conditions 
and essentially for all trials with the 
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one-unit spaced and one-unit random 
lists percentages of anticipations of 
the more frequent and less frequent 
response members for each percent- 
ages summed almost to or to 100%, 
For this reason only percentages of 
anticipations of the more frequent 
members are presented, For the 
50-50 RP, the measure for each unit 
was the average of the percentages 
of anticipations of both response mem- 
bers of the unit in each successive 
block of 20 trials. For each S admin- 
istered the four-unit list, percentages 
of anticipations of response members 
for each of the four units were aver- 


aged to obtain a single percentage for 
each block. 

Over-all differences among combina- 
tions of conditions,—Figure 1 shows 
means of percentages of anticipations 
of more frequent response members 
for successive blocks for each of the 
24 combinations of RP and Lists (L). 
Differences among these trends for 
all six and during the last three blocks 
of trials (T) were assessed by the 
analyses of variance summarized in 
Table 17 

* With the 100-0 relative percentages, Ss 


responded almost perfectly from Trials 21-40 
on. In order to save both some Ss’ and Es’ 


28 ALBERT E. GOSS AND M. 


ARILYN E. SUGERMAN 


TABLE 1 


ANALYSES OF VARIANCE OF PERCENTAGES OF ANTICIPATIONS OF MORE FREQUENT 
RESPONSE MEMBERS FOR ALL SIX BLOCKS OF TRIALS AND DURING THE 
Last THREE BLOCKS OF TRIALS 


All Six Blocks Last Three Blocks 
Source 
df MS F df MS | F 
RP 5 | 77,230.60 178.51** 5 | 35,422.54 | 171.84** 
L 3 1,030.33 2.38 3 990,24 4.32** 
RPXL 15 723.33 1.67 15 483.86 211% 
Error (b) 168 432.63 168 229.41 
Ay 5 | 12,458.15 146.85** 2 105.03 2.53 
T X RP 25 161.90 Lop 10 51.41 “1,24 
TXL 15 1,458.98 UES i be 6 77.38 1,87 
TXRPXL 75 122.08 1.44** 30 54.37 1.31 
Error (w) 810 84.95 306 41.47 
*P <.05, 
P <0) 


For all six blocks of trials, Fs sig- 
nificant at or beyond the .01 level were 
obtained for RP, T, T XL, T X RP, 
and TX RP XL. The significant 
T X RP X L interaction reflects three 
aspects of the relationship among the 
curves of Fig. 1. One aspect is that 
which produced the T X L interac- 
tion. For Trials 1-20, percentages of 
anticipations for four-unit and one- 
unit random lists were markedly below 
those for one-unit and one-unit spaced 
lists. By Trials 21-40 and thereafter, 
the percentages for the former two 
lists were slightly above those for the 
latter two lists. When averaged 
across all 120 trials, the early lower 
and subsequent higher values of the 
percentages for four-unit and one- 
unit random lists yielded percentages 
across all 120 trials which were about 
the same as those across all 120 trials 
for the one-unit and one-unit spaced 


time, the last 40 trials were eliminated for 
15 Ss who were under 100-0 RP with four- 
units, one-unit spaced, and one-unit lists. 
For these three combinations, the Ns for 
those blocks of trials were reduced by 4, 6, 
and 5, respectively. Missing values for the 
last two blocks were estimated from cell 
means; the df’s of “within Ss” error variances 
were reduced by 30. 


lists. Thus there was a T X L inter- 
action, but Fs for L and RP XL 
were not significant. 

The second aspect is that which 
produced the T X RP interaction. 
The increments in percentages of 
anticipations from Trials 1-20 to sub- 
sequent trials were successively greater 
in negatively accelerated fashion for 
RP from 50-50 to 80-20 or 90-10, 
but the increment for 100-0 was only 
about equal to that for 60-40; thus, 
there was an inverted-U relationship 
between these increments and RP. 
The third aspect is that, unlike the 
curves for RP from 60-40 to 90-10, 
the curves for 50-50 for four-unit 
and one-unit random lists tended to 
be slightly below those for one-unit 
and one-unit spaced lists even during 
the last 60 trials. For 100-0, all 
four curves were about equal from 
Trials 41-60 onward. 

The F for RP reflects a direct rela- 
tionship between percentages of antic- 
ipations and actual percentages of 
occurrence which held not only across 
but also within combinations of 
Land T. 

For the last three blocks of trials, 
neither the F for T nor Fs for inter- 
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TABLE 2 


MEANS AND SDs OF PERCENTAGES OF ANTICIPATIONS OF MORE FREQUENT 
RESPONSE MEMBERS DURING TRIALS 61-120 


Relative Percentages of Occurrence (RP) 


Lists (L) 50-50 60-40 70-30 80-20 90-10 
. 
Mean| SD | Mean} SD | Mean} SD | Mean} SD | Mean} SD 
Four-unit 46.5 | 2.1 | 56.4 | 11.6 | 80.0 | 10.0 | 91.0] 5.6 | 95.3] 2.5 
One-unit random | 47.0 | 4.4 | 69.6 | 19.5 | 74.5 | 15.5 | 91.6 | 5.5 | 96.9 | 3.6 
One-unit spaced 49.8 | 0:4 | 53.8 | 9.4] 76.5] 7.8] 87.3] 7.9 | 94.0] 4. 
One-gnit 49.8 | 0.3 | 58.7 | 6.6 | 63.0 | 13.9 | 80.0 | 7.6 | 90.2 | 9. 


actions involving T were significant. 
The RP XL interaction indicates 
that rank-orders of the four list condi- 
tions, differences among those condi- 
tions, or both differed among RP. 
For 50-50 and 100-0, there were only 
slight differences among the four list 
conditions. For the remaining RP, 
with some inversions, the rank-order 
of decreasing percentages of anticipa- 
tions was one-unit random, four-unit, 
one-unit spaced, and one-unit lists. 
The differences among list conditions 
for these RP were sufficient to produce 
the significant F for L. The signifi- 
cant F for RP reflects a direct rela- 
tionship between percentages of antic- 
ipations and actual percentages both 
across and within list conditions. 
Since there were no further changes 
in mean percentages of anticipations 
of the more frequent response mem- 
bers during the last 60 trials, means of 
percentages of anticipations for Trials 
61-120 were computed as single, more 
reliable estimates of asymptotic per- 
centages (Table 2). Rates of ap- 
proach (6’) to these presumed asymp- 
totes were estimated by the equation 
derived by Voss (1958).4 Table 3 


4 The equation used was 
6! = p()/np(») — 2 p(n) 


where 6’ is the estimate of learning rate, p( 2) 
is the estimated asymptote of percentages 


presents the values of 6’ obtained for 
all but the one-unit spaced, 60-40 
combination. (Because of a decrease 
between earlier and terminal percent- 
ages, the 6’ for this combination could 
not be computed.) For each RP, the 
6's for the three one-unit conditions 
were, with two exceptions, larger than 
the corresponding 6’ for the four-unit 
list. Within each list condition, with 
some inversions, values of 6’ first 
decreased from those at 50-50 and 
then increased to highest values at 
100-0. 

Differences among specific combina- 
tions of conditions—Mean percentages 
of anticipations during Trials 61-120 
were also used for comparisons among 
specific combinations of conditions. 


TABLE 3 
VALUES OF 6’ FOR COMBINATIONS OF RP AND L 


RP 

Lists (L) 

50-50) 60-40] 70-30) 80-20] 90-10] 100-0 
Four-unit | .085 | 075 | .102 | .067 | .194 | .136 
One-unit 
random | .113 | .100 | .087 | .109 | .085 | .234 
One-unit 
spaced | .678 | — | .106 | .204 | .470 | .800 
One-unit | .131 | 079 | .296 | .305 | .305 | .544 


of anticipations of the more frequent re- 
sponse member, # is the number of trials, 


n 
and È p(n) is the total number of occurrences 
1 


of the more frequent response in » trials. 
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TABLE 4 


DIFFERENCES (d) BETWEEN PERCENTAGES OF ANTICIPATIONS OF MORE FREQUENT 
RESPONSE MEMBERS AND THEIR ACTUAL PERCENTAGES OF OCCURRENCE 
DURING TRIALS 61-120 AND ?’'s FOR THOSE DIFFERENCES 
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Relative Percentages of Occurrence (RP) 


Lists (L) 50-50 60-40 70-30 80-20 90-10 
d t a t a t d t a t 
Four-unit —3.5 | 4.38** | —3.6 | 0.82 | +10.0| 2.64* | +11.0 | 5.16** | +5.3 | 5.64** 
One-unit random | —3.0 | 1.86 | +9.6| 1.30 | +4.5| 0.77 | +11.6] 4.11%* | +6.9 | 5.06** 
One-unit spaced | —0.2 | 0.48 —6.2 | 1.76 | +6.5| 2.22 +7.3 | 2.44* | +4.0| 2.45* 
One-unit —0.2 | 1.39 | —1.3 | 0.53 | —7.0 | 1.33 0.0 | 0.0 0.07 


+0.2 


Mean percentages for 100-0 were 
excluded from these comparisons to 
reduce heterogeneity of variances, 
and to eliminate the problem of some 
estimated percentages over the last 
40 trials. Also, the 100-0 RP differed 
from the others: while the 100-0 
could only be below or at 100%, the 
others could be below, at, or above 
the percentages of occurrence of the 
more frequent response member. 

A Duncan multiple range test 
(Federer, 1955, pp. 26-29) indicated 
that for RP of 50-50, 80-20, and 90- 
10, there were no differences among 
the four lists conditions. For 60-40, 
the percentage for the one-unit ran- 
dom list was significantly larger than 
that for the one-unit spaced list. 
For 70-30, the percentage for the 
one-unit list was significantly smaller 
than the percentages for one-unit 
spaced and four-unit lists. In general, 
percentages of anticipations for a 
particular list condition within each 
RP did not differ significantly from 
percentages of anticipations for that 
condition within RP 10% removed. 

Percentages of anticipations com- 
pared with percentages of response- 
member occurrence—For each RP 
except 100-0, Table 4 presents ¢’s for 
differences between mean percentages 


of anticipations of more frequent 
response members and actual per- 
centages of occurrence of those mem- 
bers. The error terms of these t's 
were computed from the SD for each 
particular combination. Since Wil- 
kinson’s (1951) table indicates that 
eight of 20 #'s significant at the .05 
level would occur less than once in a 
1000 times, the significant ¢’s as a 
whole cannot readily be attributed 
to chance factors. For the four-unit 
list with RP of 50-50, the percentage 
of anticipations was significantly lower 
than 50%. All other significant t's 
are for percentages of anticipations of 
more frequent response members which 
exceeded their actual percentages of 
occurrence. For the four-unit list, 
differences for 70-30, 80-20, and 
90-10 were significant at from .05 to 
less than .01. For both one-unit 
spaced and one-unit random lists, 
the differences for 80-20 and 90-10 
were significant at from .05 to less 
than .01. No difference for the one- 
unit list approached significance. 
Differences between sets of more fre- 
quent response members and among 
units of the four-unit list—Within the 
four-unit list, TEX, DOL, vic, and 
HOB occurred both more frequently 
and less frequently than their respec- 
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tive alternative response members, 
LIK, CEN, BAL, and sur. An analysis 
of variance revealed no difference 
between the two sets of more frequent 
alternative response members. 

During the first three blocks of 
trials, analyses of variance indicated 
that there were differences among 
units for both more frequent and less 
frequent occurrence of TEX, DOL, 
vic, and HOB.. However, during the 
last three blocks, the units were 
equivalent. 


Discussion 


Three features of the results of this 
experiment are of particular importance. 
One is the effects of RP and L on rates 
of approach to and apparent asymptotes 
of percentages of anticipations of more 
frequent response members. The second 
is implications of the present results for 
the generality of theory and findings 
for two-choice situations with light stim- 
uli and a single unit. The third is the 
possible use of divergent paired-associ- 
ates units to establish hierarchies of 
stimulus-response associations. 

Percentages of anticipations of the more 
Srequent response member.—Over the last 
three blocks of trials, none of the Fs 
involving trials was significant. . Thus, 
for each of the 24 combinations of RP 
and L, asymptotic percentages of antici- 
pations were apparently reached on or 
before Trials 61-80. Only with certain 
combinations of RP and L did asymp- 
totic percentages of anticipations of the 
more frequent response equal their actual 
percentages of occurrence. 

For 50-50, with both one-unit and 
one-unit spaced lists, the asymptotic 
percentages of anticipations were almost 
exactly 50%. But the estimated asymp- 
tote of 46.5% with the four-unit list 
was significantly below 50%, and the 
decrease from 50% with the one-unit 
random list, though not statistically 
significant, was almost as great. The 
remaining responses were sometimes 
intralist intrusions which indicates that 
these apparent decrements were largely 


due to interference from responses to 
the stimuli of other units of the four-unit 
and one-unit random lists. 

For 60-40, the smallest difference be- 
tween percentages of anticipations and 
actual percentages was with the one- 
unit list. Even though the absolute 
values of the other three differences were 
up to 9.6%, none was statistically sig- 
nificant. With the one-unit list, only 
with RP of 70-30, was there a sizeable 
difference between percentages of antici- 
pations and actual percentages. But 
this difference, in the direction of fewer 
than 70% anticipations of the more fre- 
quent response member, was not sta- 
tistically significant. The other three 
differences represented anticipations of 
the more frequent response member 
exceeding 70%, but only that for the 
four-unit list was statistically significant. 

For 80-20 and 90-10, with the one- 
unit list the percentages of anticipations 
of the more frequent response were 
almost exactly equal to 80% and 90%. 
But all of the percentages of anticipa- 
tions with the other three lists were 
significantly larger than 80% and 90%. 
Thus, for all but the one-unit list, there 
is apparently some point between 60-40 
and 80-20 at which percentages of antic- 
ipations of the more frequent response 
member begin to exceed their actual 
percentages of occurrence. Occurrences 
of the alternative responses of each unit 
were semirandom rather than random, 
a circumstance which should facilitate 
matching actual percentages. Accord- 
ingly, those higher percentages of antici- 
pations than of actual percentages which 
were obtained may represent minimum 
rather than maximum differences. 

For almost all RP, percentages of 
anticipations with the four-unit and 
one-unit random lists seemed more 
similar to each other than to those with 
the one-unit spaced list which differed 
somewhat from the one-unit list. The 
former difference suggests that, whether 
the pairings of the stimuli between a 
particular unit were constant or random, 
the stimulation and activities associated 
with occurrences of those units had some 
differential effect on anticipations rela- 
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tive to repetitions of a particular single 
unit separated by the same longer, 
variable intervals filled with occurrences 
of blank cards. For RP of 80-20 and 
above, the longer, variable intervals seem 
to occasion percentages of anticipations 
greater than the matching percentages 
obtained with the one-unit list. 

For 70-30, 80-20, and 90-10 with 
four-unit, one-unit random, and one- 
unit spaced lists, the results of the present 
experiment agree closely with Voss et al. 
(1959) findings of percentages of antici- 
pations of more frequent response mem- 
bers larger than their actual percentages 
of occurrence. For these three list con- 
ditions, which are more similar to Voss 
et al. lists than is the one-unit list, there 
is only one pronounced deviation from 
their results: for 60-40, percentages of 
anticipations with four-unit and one- 
unit spaced lists were below rather than 
above 60%. This disagreement may 
reflect chance factors, and hence is only 
apparent, or it may represent replicat- 
able effects of one or more differences in 
stimuli, apparatus, and procedures. 

Generality of equations—Further use 
of equations such as Estes’ (1959b, p. 
411) for predictions of acquisition with 
divergent PA units, without some modi- 
fication, apparently depends on the 
particular combinations of RP, number 
of units, and conditions of presentation 
of one-unit lists. With the one-unit list, 
asymptotic percentages for all RP and 
actual percentages did not differ signifi- 
cantly and only with 70-30 was the value 
of the difference of any magnitude. 
Thus, the equation seems applicable 
without modification. However, this 
relatively close fit of anticipations and 
actual occurrences has one perplexing 
feature: a closer fit would probably have 
been predicted with the longer, variable 
interunit intervals of the one-unit spaced 
list than with the short, interunit interval 
of the one-unit list (1959b, p. 421), 
while the results for the two lists were 
Just the opposite. Conceivably the two 
conditions would not have had different 
effects had Ss merely waited during the 
longer, variable intervals rather than 
looking at blank cards, 


With the one-unit spaced and one-unit 
random lists for RP of 80-20, 90-10, and 
perhaps of 70-30, and with the four-unit 
list for RP of 70-30, 80-20, and 90-10, 
asymptotic percentages of anticipations 
of the more frequent member exceeded 
actual occurrences. Furthermore, with 
the four-unit list and perhaps the one- 
unit random list for RP of 50-50, asymp- 
totic percentages were apparently less 
than 50%. Thus, any satisfactory 
equation must provide «for predictions 
of asymptotic percentages of more fre- 
quent response members which, for 
specific combinations of RP and L, are 
less than, equal to, or greater than actual) 
percentages of occurrence of those mem: 
bers. For this objective, even more) 
recent extensions based on ‘component 
and pattern models’ (Estes, 1959a)j 
seem inadequate. The rate parameter 
also seemingly varied with RP and 
in a manner roughly consistent with 
Voss et al. findings. Therefore, 
values for this parameter must be deter- 
mined empirically for each specific com 
bination of RP and L, or an equatio 
expressing 6’ as a function of RP and 
must be developed. 

As predicted by equations and findings 
for two-choice tasks involving simpler 
stimuli and a single unit, the curves for 
most of the combinations of RP and 
were negatively accelerated. The excep: 
tions were some for RP of 50-50, 60-40, 
and 70-30 with one-unit and one-unit 
spaced lists whose initial negative ac 
celeration was completed so early in the 
first 20 trials, that their means, for thosé 
trials were essentially at asympto 
percentages. 


Hierarchies of stimulus-response associa- 
tions—The divergent PA unit may prove 
useful for experimentally establishing hier) 
archies of associations of two or more responses) 
to what is ordinarily conceived as the same 
or a single stimulus.“ (Analytically, such 
stimuli may best be treated as constituted 
n elements or as appearing in one or more 
n patterns each of which is associated 
one response in all-or-none fashion.) At 
Present, hierarchies of stimulus-response ass0- 
ciations or of responses are usually inferred 
from hierarchies of responses to a stimulus 
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for large groups of Ss. On the assumption 
of the existence of hierarchies of responses 
to a single stimulus, a procedure for establish- 
ing such hierarchies on the part of individual 
Ss would have two advantages: (a) inferences 
from hierarchies for groups to those for 
individual Ss could be replaced by more direct 
and presumably more precise specification of 
hierarchies for individual Ss, and (b) with 
different hierarchies of responses to the same 
stimulus, confounding of different stimuli 
with different hierarchies could be eliminated.‘ 
Following a suggestion by Hull (1930, pp. 
244-245)» Peterson (1956) tested a less direct 
procedure for establishing hierarchies of re- 
sponses to stimuli. The stimulus members 
of Peterson's paired-associates were com- 
pounds of two nonsense syllables. One re- 
sponse was conditioned to one syllable of the 
compounds and two responses were condi- 
tioned to the other syllable of the compounds. 
After the learning criterion has been attained, 
the syllables of the compounds were presented 
separately to permit determination of fre- 
quencies of alternative responses to the syl- 
lable to which those responses had been con- 
ditioned. A disadvantage of this procedure 
is that acquisition of potential hierarchies 
cannot be observed except by interpolated 
test trials. Also, although Peterson was able 
to predict observed responses from his for- 
mula, the procedure involves the possible 
complication of adjustments for training with 
a stimulus in a compound and testing with 
the stimulus alone (Hull, 1943, p. 220). 
Osgood and Anderson’s (1957) task could 


5 Estes (1960, p. 212) has recently pre- 
sented analyses of responses after two or four 
trials with divergent PA units the pattern of 
which was interpreted as evidence against an 
assumption of an hierarchy of responses to a 
single stimulus for individual Ss. Until data 
for test-trial performance following more 
than one or two occurrences of the alternative 
response members are available, both the 
generality of those findings and his interpreta- 
tion seem questionable. Examination of the 
data for the first 20 trials for individual Ss 
of the four-unit 50-50 combination of the 
present experiment disclosed that, in 18 of 32 
instances, one or the other response member 
was anticipated on i of the occurrences of 
a particular unit. Thus, Estes may simply 
have demonstrated that one or the other 
of the te. Se stimulus-response relation- 
ships of a divergent unit, presumably because 
of pre-experimental experiences, has con- 
si@erably and consistently greater initial 
strength. 


be viewed as consisting of 10 paired-associates 
units each of which had three response mem- 
bers which occurred with percentages of .60, 
-30, and .10. However, since each name was 
both a stimulus member and a response 
member, because of “backward associations,” 
it is difficult to specify the potential number 
of responses in a hierarchy. Thus, the name 
“Josephine” of Osgood and Anderson's illus- 
tration might be regarded as having not three 
but six different responses. 


SUMMARY 


Acquisition with divergent paired-associate 
(PA) units was investigated as a function of 
six relative percentages of occurrences of 
alternative response members of a unit (RP) 
which varied from 50-50 to 100-0 in 10% 
steps, and of number of units, four or one. 
In order to control for effects of time intervals 
between presentations of the same unit in 
the four-unit list and for events within those 
intervals, there were three conditions of 
presentation of single units: (a) a constant, 
2-sec. interval between each présentation; 
(b) variable, longer intervals between each 
presentation, and (c) the same variable, longer 
intervals filled with presentations of ran- 
domly-paired stimuli. Eight undergraduate 
Ss were assigned to each of the 24 combina- 
tions of RP and L wherein they had 120 trials 
with each unit of the four-unit list or with the 
single unit of the three one-unit conditions. 

Across all six blocks of 20 trials each, and 
during the last three blocks, there was a 
direct relationship between percentages of 
anticipations of the more frequent response 
members and their actual percentages of oc- 
currence. During the last three blocks, de- 
creasing percentages of anticipations were 
obtained with one-unit random, four-unit, 
one-unit spaced, and one-unit lists. Differ- 
ences in rate of acquisition were reflected in 
significant interactions of the six blocks of 
trials with RP, with L, and with RP and L. 

The RP X L interaction for the last three 
blocks of trials could be interpreted as reflect- 
ing differences among lists with respect to the 
degree to which percentages of anticipations 
of the more frequent response members ap- 
proximated their actual percentages of occur- 
rence. With the one-unit list, percentages 
of anticipations were essentially the same as 
actual percentages. With four-unit, one- 
unit random, and one-unit spaced lists for 
80-20 and 90-10, and probably for 70-30, 
percentages of anticipations exceeded actual 
percentages. 
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The significance of these results for findings 
and theory for apparently homologous situa- 
tions involving simpler stimuli was discussed. 
Also noted was the possible use of divergent 
PA units for establishing response hierarchies 
experimentally. 
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SEPARATING PERCEPTUAL AND LINGUISTIC EFFECTS 
OF CONTEXT SHIFTS UPON ABSOLUTE JUDGMENTS! 


DAVID L. KRANTZ anD DONALD T. CAMPBELL 


Northwestern University 


In accordance with the usual strat- 
egy of parsimony in science, the effects 
of extreme contexts upon absolute 
judgment werę interpreted initially 
as illustrating a single process of rela- 
tivity of judgment or adaptation 
level. The most economical inter- 
pretation of the data to be presented 
here necessitates the postulation of 
two such processes, both producing 
contrast effects in the same direction. 
One of these processes, transient and 
reversible, is found in both of two judg- 
mental languages, and is designated 
perceptual. The other, irreversible 
and specific to an unfamiliar, exper- 
imenter-defined response language, is 
designated semantic. 

Two papers published in 1958 inde- 
pendently suggest dividing the judg- 
mental phenomena currently grouped 
under Helson’s concept of adaptation 
level (e.g., Helson, 1947, 1948, 1959) 
into semantic or linguistic effects on 
the one hand, and perceptual or end- 
organ effects on the other. One of 
these papers (Campbell, Lewis, & 
Hunt, 1958) argued that the “situa- 
tionally relative,” “novel,” ‘‘arbi- 
trary” and “restricted” response lan- 
guage ordinarily used in the method 
of single stimuli could well have pro- 
duced the contrast effects resulting 
from extreme anchors or extreme con- 
texts without generating distortions 


1 This study is based upon an MA thesis 
done by the first author under the second 
author's direction. Certain analyses beyond 
those reported in the thesis (Krantz, 1959) 
have been financed by ONR Project 7onr- 
450(11), W. A. Hunt, Principal Investigator. 
The authors are also indebted to Allen Par- 
ducci for editorial suggestions. 
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in identity judgments (had they been 
called for) or any perceptual illusion. 
That study then examined the effect 
of a shift in context of stimulation 
upon the judgment of a common 
stimulus, employing a judgmental 
language which was “absolute, exten- 
sive, and extra-experimentally an- 
chored.” Finding the usual contrast 
or adaptation level effects, the paper 
concluded that such phenomena could 
not be explained away as semantic 
artifacts. However, it did not raise 
the possibility that both semantic 
and perceptual effects are present 
in the typical judgmental assignment. 

The other paper suggesting a duality 
of processes was that of Stevens (1958) 
in which he argued that different phe- 
nomena were involved in sensory 
adaptation (in which end-organ re- 
ceptor-cell adaptation takes place) on 
the one hand, and in judgment (where 
redefinition of categories is involved) 
on the other, although previous ap- 
proaches treat the two as if the same 
process were involved. Here again, 
two processes were postulated with 
no explicit assumption that both 
could be present in the same judg- 
mental task. The outcomes of the 
present study seem to require such 
an assumption. 

The setting of the present study is 
the judgment of the lengths of white 
lines projected on a screen. A com- 
mon “tracer” stimulus recurs in all 
phases of the experiment, in one 
phase interspersed among longer lines, 
in another phase occurring among 
shorter lines. One set of Ss judges in 
“inches,” the other uses an E-defined 
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response language for which the value 
“100” is “average.” The effects of the 
shift in context upon judgments of the 
common tracer stimulus areexamined. 


METHOD 


Slides were prepared which projected white 
lines of 13 different horizontal lengths, for a 
.2-sec. duration, with a 2-sec. interstimulus 
interval. The slides were made by using 
black tape on clear glass 3} X 4 in. slides. 
Projected on the screen, the shortest line 
(No. 1) was approximately 6 in., the longest 
36 in., the middle “common” or “tracer” 
stimulus (No. 7) 20 in. (the exact values of 
the stimuli are presented in Table 1) and the 
vertical widths 3} in. The slides were 
organized in groups of seven (here called 
“trials’’) within each of which the common 
tracer Stimulus 7 occurred once, the order of 
stimuli within a trial being random. For the 
Low Phase, the stimuli in each trial ranged 
from Stimulus 1 to Stimulus 7. For the High 
Phase, the range was from Stimulus 7 to 
Stimulus 13. Trials in the Transition Phase 
also spanned seven steps, graduating between 
the Low and High Phases. The three transi- 
tion trials ranged between Stimuli 3-9, 4-10, 
5-11 for Low to High and vice versa for a 
High to Low transition. Both a High-Low 
and a Low-High group were run for each 
combination of the other three experimental 
variables. 

In the second experimental treatment 
variable, the “Inches” condition was pre- 
sented to Ss with these instructions, “You 
are to judge these lines in terms of how long, 
in inches, they appear to be.” The “Rating” 
condition was introduced this way: 


You are to judge these lines in terms of a rating scale 
which you will construct during the course of the 
experiment. When you see a line which appears 

average in length” to you, judge that line with the 
number 100. If a line appears less than average, assign 
the number 95, If another line appears even smaller 
than the average line and smaller than the 95 one, use 
the number 90 to designate "less, less than average.” 

In the same way, if a line is above average in length, 
assign the number 105, If another line is larger than 
the 100 average line and larger than the 105 line, assign 
the number 110. In other words, you can build your 
rating scale above and below the average rating of 100. 

pu are not restricted to the numbers I have given you. 

The numbers I have given you on the reference sheet 
are only examples, In-between numbers, like 93 or 
106 are appropriate. You can use numbers less than 
90 or greater than 110. In other words, you are con- 
structing a scale which shows the differing lengths 
of lines presented. Any system of numbers, such as 
in-between numbers or numbers above 110 or below 90 
are usable. The only stipulations are that you use 100 
as average and that if you assign a number to a particu- 
lar length of line, the next time that line is presented 
you assign it the same number. Let me repeat, always 
use the same number for the same length of line; do 
not change your judgment of the same line, 


Let me review the categories or numbers on you 
reference sheet. The number 100 stands for the ay 
age line; 95 for less than average; 90 for less, less th 
average; 105 for more than average; 110 for more 
more than average. 


In choosing this particular form of rating 
there was an effort to eliminate the effects Ø 
“vocabulary exhaustion” (Campbell, Lewis 
& Hunt, 1958) such as occurs when all of 
restricted number of ratings have been em 
ployed prior to a shift of context, and to ex 
clude a deliberately relative or comparative 
usage by Ss which would allow them cons 
sciously to redefine values in the course of the 
experiment. å 

The third experimental variable employed 
was Preshift Training, i.e., the length of the 
initial phase, presumably manipulating the 
persistence of the adaptation level establishe 
therein. “Phase 1" indicates the initial sé 
of trials given, irrespective of the conte 
employed. This period was followed | 
the transition series (“Phase 2"), A fin 
series of trials after shift of context is desi 
nated “Phase 3.” In the Short conditio 
five Phase 1 trials were used; in the Li 
condition, 15. 

The fourth variable was the degree 
illumination, which was presumed to affect 
stimulus discriminability. Under the Bright 
condition, the projected lines registered .73 
apparent ft-c. Under the Dim condition : 
neutral density filter reduced the brightness 
to .32 apparent ft-c. The background bright 
ness of the screen was .26 apparent ft-c fol 
both illumination conditions. r 

These four dichotomies generate 16 expert 
mental treatments. For each of these, 20 $ 
were obtained, a total of 320 Ss. The 
were drawn from introductory classes 
psychology. They were tested in groups 
four to six, seated in two rows, 13 and 16 
from the screen. Experimental sessions wert 
randomly assigned to treatments, with i 
restriction that all 16 treatments be evenl} 
represented during all periods of the thré 
month course. In two successive quar" 
the experimental design was replicated wii 
10 Ss in each cell.2 

The Ss recorded their own judgments iní 


* One session of 6 Ss (in treatment High 
Low, Rating, Short training, Dim illumi 
tion) was discarded because of extrem 
aberrant results. This session was subse 
quently rerun twice with different Ss 
confirm the aberrance, attributable to inti 
experimental history (Campbell, 1957). Iti 
felt that this substitution of the rerun gro u 
data augments rather than reduces th 
replicability of the study's findings. 
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TABLE 1 
MEAN JUDGMENT OF EACH STIMULUS DURING First FIVE TRIALS OF PHASE 1 


Low Context High Context 
Stimulus Stimulus sy 
umber M: Mi umber - 
Ga rarae nra a e E 
Inches Ratings Inches Ratings 
Je 
1 6.1 3.74 79.90 7 20.2 12.74 90.98 
2 9.0 5.37 88.99 8 23.0 14.38 94.00 
3 11.0 6.75 92.48 9 25.0 16.95 97.78 
4 12.4 7.80 96.09 10 28.1 20.90 101,74 
5 1598 10.77 102.55 11 31.3 23.32 103.72 
One 18.7 13.32 106.29 12 33.1 27.16 108.21 
7 20.2 17.21 111.77 13 35.8 31.59 112.63 
Mean 9.28 96.87 Mean 21.01 101.29 
Note.—Preshift training and discriminability conditions pooled, N = 80 Ss per mean. 
booklet of slips with each page allowing 10 being the steeper in this case. When rating 


judgments. Twelve Ss were discarded for 
getting out of step with the stimulus presen- 
tation and for incomplete records. Excess 
Ss over the 20 required for each treatment 
were discarded by the use of random numbers. 


RESULTS AND DISCUSSION 


While the statistical analyses to be 
presented have been done separately 
for each judgment language, in Fig. 1 
and 2, there is an effort to show both 
sets of results on the same graph. 
This necessitates computing a con- 
version factor between the two judg- 
ment languages, which in turn neces- 
sitates examining data on judgments 
of stimuli other than Stimulus 7, data 
not otherwise used. Because of their 
relevance to the attempted translation 
between the two languages, and to the 
more general problem of the relation- 
ship of stimulus and judgmental dis- 
tances, these data are presented in 
Table 1. 


The data do not lead to any univocal con- 
version ratio. If ratings be plotted against 
stimuli, the plots are satisfactorily linear, but of 
differing slope for the two contexts, the High 
context being the flatter. If judged inches 
be plotted against stimuli, the slopes depart 
slightly from linearity in the unexpected 
direction of positive acceleration for both 
High and Low contexts, with the High context 


means are plotted against judged inches, the 
Low context shows a slight bowing, and a 
steeper slope than the High context. As an 
approximate average of the slope of the two 
contexts, a ratio of 1 in. = 1.50 rating points 
has been chosen for the purpose of graphing 
Fig. 1 and 2. The graphs have been centered 
on the mean for the two contexts of the 
column means of Fig. 1, i.e. 15.64 in. and 
99.08 rating points. Because of the differing 
slopes for the two contexts, this represents a 
more arbitrary decision than had been hoped 
for. 


In Fig. 1 and 2, all data represent 
judgments of the same tracer stimu- 
lus, No. 7, and all connected points 
represent judgments by the same 40 
Ss. From the Phase 1 differences 
between the corresponding High-Low 
and Low-High groups, one can see 
that the expected contrast effects 
emerge. The striking shifts in each 
line between Phase 1 and Phase 3 are 
likewise uniformly in the expected 
direction. But perhaps most dra- 
matic is the difference in overall pat- 
tern between the Inches and Rat- 
ings conditions, a difference which 
provides the central problem of inter- 
pretation. 

A summary of the results of six 
independent analyses of variance, 
shown in Table 2, provides statistical 
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MEAN JUDGMENT IN INCHES 


Fic. 1. 


confirmation of the overall pattern 
for Inches and Ratings conditions. 
In the Phase 1 analyses, the mean 
of each S’s judgment of Stimulus 7 
during the last four trials of Phase 1 
has been used, since this set of re- 
sponses is comparable across Preshift 
Training conditions. For both re- 
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Fic. 2. Mean trial-by-trial judgment of 
tracer Stimulus 7 for Short training condition. 
(Discriminability conditions pooled, N=40 
for each point.) 
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Mean trial-by-trial judgment of tracer Stimulus 7 for Long training condition: 
(Discriminability conditions pooled, N=40 for each point.) 
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sponse languages, the main effect of 
context is highly significant and is the 
only significant effect. As graphically 
illustrated in Fig. 1 and 2, the effe 
is greater for the Ratings. Discussi 
of outcomes such as these frequentl 
imply that the difference between 
the F ratios is itself significant. 
Rarely, however, is this higher-order 
significance tested. Bradley and Sch 
mann (1957) have recently provid 
an F test among Fs appropriate fi 
parallel experiments such as the pres 
ent one. By their criteria (w’=21.3 
a’ = 33.47, b = 76, P <.05, mini 
mum w’ 95 = 1.85),? the effect is signifi- 
cantly greater for the Ratings cond 
tion. This is one of the major findings 
of this study. 


*The tables supplied by Bradley and 
Schumann provide w’ values only at 5 
level of significance. These minimum 
values will be presented in parenthesis follo 
ing the obtained values. Note that the ob 
tained values greatly exceed these minimums 
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The Phase 3 analyses are based 
upon the means of each S’s judgments 
of Stimulus 7 in the 10 Phase 3 trials. 
Here the effect of context is highly 
significant for the Inches condition. 
(That the F of Phase 3 Inches seems 
more significant than that of Inches 
in Phase 1 is due primarily to reduced 
variability which is presumably at- 
tributable to the greater amount of 
practice and tð scores based upon 10 
judgmehts rather than 4.) As seen 
in Fig. 1 and 2, the effect of context 
on Ratings is weak and in the opposite 
direction from that on Inches. This 
main effect (P < .05) is graphically 
clear only for the Long Preshift Train- 
ing. The difference in Phase 3 context 
effects Fs between Ratings and Inches 
is highly significant by the Bradley 
and Schumann (1957) test (w’ = 7.94, 
a’ = 4,23, b = 76, P <.05, minimum 
w.o = 3.18). 

Note the apparent inconsistency 
of the Phase 1 and Phase 3 findings. 
For Phase 1 both response languages 
show context effects in the same direc- 
tion with Ratings being larger. For 
Phase 3 the context effects are in 
different directions, with Inches being 
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greater. In the graphic presentation 
of trial-by-trial results of Fig. 1 and 2, 
the Inches judgments show complete 
reversal with the reversal of contexts, 
the lines crossing in the transition 
phase. In contrast, the Ratings never 
cross over, the direction of difference 
in Phase 3 remaining the same as in 
Phase 1. 


Minor Findings.—In the Phase 3 analysis, 
the effect of Preshift Training is significant at 
the marginal 5% level for the rating groups. 
Those groups with shorter Phase 1's give 
lower ratings in Phase 3. This main effect is 
almost wholly contributed by the Low-High 
groups with the Short Phase 1. 

The findings of the Phase 1-Phase 3 Shift 
analysis are not to be confused with a test of 
the significance of the Phase 1-Phase 3 shift, 
the uniformly high significance of which is 
reported below. Rather, the Phase 1-Phase 3 
shift analysis shown in Table 2, examines the 
effects of treatments other than Phase upon 
the amount of shift. The score employed for 
each S is the difference in mean judgment be- 
tween the last 4 trials of Phase 1 and the 10 
trials of Phase 3, the direction of subtraction 
being reversed between High-Low and Low- 
High groups so that all changes in the ex- 
pected contrast direction are positive. The 
analysis was designed primarily to demon- 
strate the expected effects of Discriminability 
and Preshift Training on stability of the adap- 
tation level, or upon the differential occur- 


TABLE 2 


F VALUES FROM ANALYSES OF VARIANCE 


Phase 1 Phase 3 Phase 1-Phase 3 
Judgments Judgments: Shift 
Source af tr 
Inches Ratings Inches Ratings Inches Ratings 
Order (context) (O) 1 | 11.95** |254.79***| 40.99***)  5.16* 2.42 18,48*** 
Preshift training (T) 1 19 2.27 29 Tp Od 1.99 4.16* 
Diseriminability (D) 1 1.40 1.34 AT 3.47 1.22 22 
OxT 1 05 02 52 2.66 54 1.85 
OxD 1 55 1.02 01 43 1.14 1.08 
TX D 1 -54 -34 «23 .37 97 57 
OX ees aah ae 1 -00 .25 -20 -62 .02 .01 
Within groups (MS)* | 152 | (23.20) |(60.35) |(21.52) | (84.27) | (8.72) | (42.98) 
Inhomogeneity of 
evans 1/20 1.60 1.85 2.42 1.24 2.79 4,87* 
* Mean squares shown in parentheses, rather than Fs. 
*P <05, 
ae BS 0t 
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rence of assimilation and contrast illusions 
among Ss. Of the 320 Ss, only 20 had nega- 
tive scores and these were individually insig- 
nificantly different from no shift at all, Thus, 
this setting produced no persons who were 
significant assimilators, unlike two other 
settings in which these effects have been ex- 
amined (Campbell, Hunt, & Lewis, 1957, 
1958; Campbell et al., 1958). 

The significant main effect for Order for 
shift scores is conceptually an interaction 
with the counterbalancing treatments, The 
shift is greater under the Low-High order than 
under the High-Low. This is very significant 
for Ratings and the trends for Inches are in 
the same direction. Note that the significant 
heterogeneity of variance casts suspicion upon 
this one analysis, 

For Discriminability treatments, all effects 
are convincingly absent. For Preshift Train- 
ing, effects are generally absent, with the 5% 
level findings for Ratings being in the direc- 
tion of greater shift under Short Phase 1 
treatments, a finding similar to that of John- 
son (1949). While this effect is primarily con- 
tributed by the one Low-High Short Rating 
group, which also accounts for the Phase 3 
Training main effect, slight trends are in the 
same direction for High-Low Ratings, and 
also for the two Inches comparisons, 


Possible Interpretations —To return to 
the initial findings presented, our pre- 
ferred interpretation for the striking dis- 
crepancies between the Phase 1 and 
Phase 3 analyses is this: The symmetrical 
and reversible findings for Inches repre- 
sent the operation of a single perceptual 
contrast process. This process is also 
Present, and reversible, for the Ratings 
judgments, but in addition, the Phase 1 
Ratings data contain a second process of 
defining perceptual equivalents for novel 
judgmental terms. That this operates in 
an adaptation level (Helson, 1947, 1948, 
1959) fashion is indicated in Table 1 by 
the closeness with which the mean ratings 
of all stimuli approach the designated 

average” value of 100 in all treatments. 
Of the Phase 1 effects of context on 
Ratings (of the tracer Stimulus 7) about 
one-half is attributed to this adaptation- 
level definitional process, the other half 
to the perceptual contrast effect. This 
definitional Process is deemed irreversible 
without explicit retraining involving in- 
structional feedback. This irreversibility 
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is particularly strong under our instrue 
tions, “always use the same number { 
the same length of line,” but would pr 
ably be so under usual single stimuli in 
structions, except in so far as “vocab 
ulary exhaustion” (Campbell, Lewis 
& Hunt, 1958) forced redefinition, 
Phase 3, the experimentally revers 
perceptual contrast effect and the per: 
severating definitional contrast effei ts 
tend to cancel each other just as the 
augmented each other ifi Phase 1, 

This interpretation leads to‘ the ex 
pectation that the magnitude of the 
Phase 1-Phase 3 shift for both Inches 
and Ratings should be the same, inas 
much as both are primarily affected by 
perceptual contrast effect, resulting fron 
the experimental context reversal. Whil 
our choice of a common graphic scali 
for Fig. 1 and 2 was a somewhat unsatig 
factory compromise, the method of se 
lecting it was independent of the Phas 
1-Phase 3 shifts. Hence, the degree t 
which the shift magnitudes turn out t 
be similar for the two judgmental lan 
guages encourages this interpretation 
Note particularly in Fig. 1 the parallel 
course which the two High-Low li 
take, and similarly the two Low-H 
lines. Graphic superposition (not sho 
here) shows them to be practically im 
distinguishable. We anticipate that wert 
a more unequivocable psychophysical 
scale equivalence to be achieved, ai 
through a study in which all 13 stimuli 
occur in each “trial” with an unchanging 
“phase,” the magnitudes of our Phase f 
Phase 3 shifts would not significantly 
differ when translated into the common 
metric. 

Some other indirect evidence for thi 
equivalence of shifts under the two con 
ditions comes from the ¢ ratios for shift 
computed by pooling all Discriminability 
and Preshift Training conditions. For 
Ratings and Inches, respectively, these 
were 11.92 and 11.33 for Low-High, and 
10.95 and 11.34 for High-Low (df = 79 
P < .001, each case). If the ¢ ratios cal 
be used as comparable measures 
magnitude of effects (since the numbet 
of Ss are equal), the effects are strikingly 
equivalent, with not the slightest trend 
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toward statistical significance of differ- 
ence. This as evidence for equivalence is 
of course quite inferential. However, the 
mode of inference is quite independent 
of that based upon the conversion for- 
mula employed in the graphs. The ap- 
proximate agreement of these two inde- 
pendent ferms of inference is taken as 
encouraging the retention of the hypothe- 
sized two-process interpretation. 

The temporal weighting of experience.— 
The attractiveness of the two-process 
interpretation may be increased by con- 
sidering an alternative uniprocess theory 
which would presume quite different 
weighting parameters in the temporal 
accumulation of experience under the 
two conditions. Three temporal weight- 
ing outcomes can be considered: a pri- 
macy effect, in which the first visual 
experiences would have greater effect 
than later ones in determining the adap- 
tation level at any given time; a recency 
effect, in which the adaption level would 
be predominantly determined by very 
recent experience; and an equal temporal 
weighting outcome, in which all experi- 
ences (within the experimental session 
at least) would be equally weighted. 
Inches judgments, as seen in Fig. 1 and 
2, clearly show a strong recency effect. 
The reversibility is almost complete, the 
two curves cross almost at the center of 
the transition phase. Apparently only 
the current trial stimuli or the ones just 
preceding are having much influence on 
the adaptation level against which the 
tracer stimulus is being judged. 

In contrast, the Ratings fit perfectly 
a model of equal temporal weighting. 
Under this assumption, the judgments 
of Stimulus 7 for the High-Low and the 
Low-High groups should converge at 
that trial at which the total of experi- 
mental stimuli presented was the same, 
for at that point, each would be judged 
against the same adaptation level. For 
the Short treatment, this would be at 
Trial 14, i.e., when the number of Phase 
1 and Phase 3 trials were equal. This is 
exactly what happens. For the Long 
groups, this would happen at a projected 
Trial 33. From Fig. 1 it seems plausible 


that this might occur although a slight 
primacy effect is also plausible. 

While each of these uniprocess inter- 
pretations is plausible, it does not seem 
reasonable that so small a difference in 
conditions as the reporting language 
could make such a fundamental differ- 
ence in the perceptual and memory 
processes as to provide an equal weight- 
ing in one instance and a recency weight- 
ing in another. Furthermore, a time- 
specific recency effect is probably the 
general rule for all nervous system 
processes, both end-organ adaptation 
and memory. For example, end-organ 
adaptation as involved in judgments of 
temperature, salinity, brightness, etc. 
all show recency effects so dominant that 
the primacy-recency problem, or the 
temporal weighting problem in any 
form, is almost never raised. In judg- 
ment studies, Parducci (1954, 1959) and 
Campbell, Lewis, and Hunt (1958) have 
found recency effects, and recency effects 
are to be inferred from Johnson's (1949) 
data. Recency effects likewise seem 
universal in learning, even if concomitant 
with and occasionally disguised by 
primacy effects (e.g., Miller & Campbell, 
1959), 

Accepting the dual-process interpreta- 
tion would lead to the conclusion that 
inferences as to temporal weighting made 
from single-reversal studies using the 
method of single stimuli in its usual forms 
are erroneous. These would include 
Helson’s early experiment (1947, pp. 
16-17) used to justify equal temporal 
weighting, and the studies of Campbell, 
Hunt, and Lewis (1957, 1958) and 
Segall (1959). The two-process inter- 
pretation would predict that recency 
weighting is more general and that 
apparent equal weighting or primacy 
effects are a function of the semantic 
rather than perceptual effects. The 
evidence assembled here is not crucial 
for the two-process interpretation. A 
more definitive approach would be mul- 
tiple reversal studies of a Low-High- 
Low-High nature. With increasing num- 
bers of reversals of context, the semantic 
factors should decrease in salience, allow- 
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ing the perceptual aspect to be manifest 
more directly. 


SUMMARY 


The effects of divergent and shifting stim- 
ulus contexts upon the judgment of a com- 
mon tracer stimulus were measured for the 
task of judging lengths of lines projected on a 
screen. For judgments made in inches, a 
reversible perceptual-contrast effect was 
demonstrated. Judgments made with an 
uncrowded numerical rating scale showed in 
addition a response-definitional contrast ef- 
fect augmenting the apparent contrast effect 
in the initial phase and persisting into sub- 
sequent phases. These findings cast doubt 
upon previous estimations of the appropriate 
temporal weighting of stimuli in contributing 
to an adaptation level. Effects of stimulus 
discriminability and preshift training are also 
examined, 
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EFFECTS OF FOREPERIOD, FOREPERIOD VARIABILITY, 
AND PROBABILITY OF STIMULUS OCCURRENCE 
ON SIMPLE REACTION TIME? 


D. H. DRAZIN# 


Oxford University 


Only recently has any systematic 
attempt been made to elucidate the 
relationship between the simple reac- 
tion time (RT), the foreperiod of the 
reaction (interval between warning 
signal and stimulus), and the varia- 
bility of the foreperiod. Klemmer 
(1956) found that when the foreperiod 
was varied at random within a rec- 
tangular frequency distribution, mean 
RT increased as the mean foreperiod 
and range of foreperiods were sepa- 
rately increased. In a further study, 
employing normal distributions of 
foreperiods, Klemmer (1957) adduced 
evidence in support of the hypothesis 
that the mean RT varies in direct 
proportion to S's uncertainty as to 
the timing of the stimulus, this un- 
certainty arising from two sources, 
variable error in S's time-keeping and 
objective foreperiod variability. He 
estimated the former component on 
the basis of “prediction” tests, in 
which S was required to reproduce 
intervals equal to the mean fore- 
periods of matched simple reaction 
tasks. Corresponding foreperiod and 
prediction variances were summed 
and a conversion made to information 
measure (bits) relative to the uncer- 
tainty of the individual S's predictions 
of a 1-sec. interval. 


1 Based on a thesis submitted in partial 
fulfilment of the requirements for the DPhil 
degree at Oxford University, The author 
wishes to express his gratitude to his super- 
visor, H. Kay, for advice and encouragement, 
and to the Department of Scientific and 
Industrial Research for financial support. 

2 Now at the RAF Institute of Aviation 
Medicine, Farnborough, England. 
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Although Klemmer’s “informational 
hypothesis” offers an explanation of 
the relationship between mean RT 
and the parameters of the fore- 
period frequency distribution, it pro- 
vides no account of the relationship 
between RT and the foreperiod of 
the individual reaction (immediate 
foreperiod), While it must be con- 
ceded that Klemmer (1956) found 
no evidence of such an effect, con- 
trary findings (Breitweiser, 1911; 
Karlin, 1959; Mowrer, 1940; Telford, 
1931; Woodrow, 1914) of some con- 
sistency are on record and evidently 
require some explanation. 

The present experiments, employ- 
ing continuous rectangular foreperiod 
distributions, gave rise to pronounced 
RT-foreperiod curves comparable to 
those previously reported, It is shown 
that the form of the RT-foreperiod 
curve is systematically dependent on 
the parameters of the foreperiod fre- 
quency distribution. The effect of 
probability of stimulus occurrence 
was also examined. This variable is 
of special interest in connection with 
the common practice of administering 
a small proportion of check trials 
(wherein the stimulus does not occur) 
so as to minimize the frequency of 
anticipatory reactions. 


METHOD 


A pparatus,—The S received a 50-cps warn- 
ing tone, which also served to mask extra- 
neous noise in and about the laboratory, 
through close-fitting headphones, The stim- 
ulus was the onset of a Hivac CCIL neon 
lamp which S observed against a black back- 
ground at a distance of 18 in. The warning 
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tone and stimulus remained on until S had 
responded by pressing a reaction key with 
the preferred index finger. The time record- 
ing equipment was stopped when a force of 
120 gm. was applied to the key. 

Foreperiod intervals were produced at 
random within a continuous rectangular dis- 
tribution, for preset values of minimum 
foreperiod and range of foreperiods, by a 
system of relays and condenser-resistance 
time-delays. One time-delay, preset to the 
required range of foreperiods, cycled con- 
tinuously, closing a relay momentarily at 
regular intervals. Another time-delay, initi- 
ated by E, closed a self-latching relay after 


an interval preset to the required minimum ° 


foreperiod. The simultaneous closure of both 
relays triggered a final self-latching relay 
which switched on the stimulus lamp. In 
order to ensure that Æ started the sequence of 
events in random phase with the cycling 
timer, all relays were silenced and care was 
taken to render the variability of the inter- 
trial interval large in relation to that of the 
longest range of foreperiods employed. These 
precautions succeeded in producing foreperiod 
distributions which were not to inspection 
discriminable from rectangular. 

The occurrence or nonoccurrence of the 
stimulus on a given trial was determined by 
the terminal state of a uniselector which 
rotated for a random period (the foreperiod) 
and which was so connected that a circuit 
between a selected set of wipers and the central 
pole of the selector switch was made on random 
trials according to a preset probability. 

Individual foreperiods and RTs were re- 
corded as cycle counts of a 1000 cps quartz 
crystal oscillator on decade counters. 


TABLE 1 
DESCRIPTION or CONDITIONS: Exp. I anp II 


Experiment Ia Experiment IIb 
R f Ar Ae 
Conds | Foreperiods| of Stimulus | Cona, | AERA, 
(Sec. Occurrence .) 
a ae 1.0 P 2.0 
9 Q 1.0 
€ 2.0 5 R 0.5 
D 1.0 1.0 S 0.25 
E 1.0 9 TP 0.125 
F 1.0 a) 
G 0.5 1.0 
H 0.5 9 
J. 0.5 ol 


* Mean foreperiod = 1.5 sec, 
» Range foreperiods = 1.0 


stias era a sec.; probability of 
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Procedure. —Two separate experiments ari 
reported. The conditions are described 
Table 1. In Exp. I, mean foreperiod was he 
constant throughout at 1.5 sec., range 
foreperiods and probability of stimulus oc 
currence serving as variables in a 3X3 
factorial design. 

The Ss attended 5 practice and 12 t 
sessions, each of 50 min., over a period of th 
weeks. The practice sessions, comprising 
trials in each condition, were run daily duri 
the first week, the conditions being held in 
the same order every day. , 

The test sessions were run daily, di 
the following two weeks. All probabi s 
of stimulus occurrence were always given in 
immediate succession for each range of fore: 
periods; though sequential effects of range, 
and of probability within each level of rang 
were completely counterbalanced within each, 
set of six sessions. Ten warm-up trials were 
held prior to the first test run at each ra 
every run consisting of 30 trials as in the 
practice sessions. 

In all sessions S was informed of the cond 
tions of each ensuing run. He was instructe 
to respond as soon as possible after seeing th 
stimulus, while taking care not to respond ii 
anticipation. In the practice periods, he 
cautioned after responding prematurely, He 
was informed of his RT after each reactioi 
and of his mean score in every condition afte ; 
each session. A rest interval of 2 min, was 
allowed between runs. The experiment 
held in a dimly lit room. The mean intertrial 
interval was about 10 sec. 

In Exp. II, range of foreperiods was held 
constant at 1.0 sec, and probability of stimuli 
occurrence at 1.0, minimum foreperiod bein, 
held at five levels differing by factors of 
The Ss attended 5 practice and 10 test s 
sions, each of 30 minutes, over a period of 
three weeks. In the practice sessions, condi 
tions were given in the same order every day. 
In the experiment proper, order effects we 
counterbalanced within each set of five s 
sions. Each run consisted of 50 trials, 

Subjects—The Ss were three University 
students aged between 19 and 26. Two $s 
served in each experiment. 


REsutts?® 


Experiment I.—The data were 
treated as follows. Taking Ss and 


* Complete data, consisting of mean RTS 
SDs, and Ns for all points in Fig. 1 and 2, 
unweighted mean RTs, and frequencies of 
anticipatory reactions, have been deposited 
with the American Documentation Institute. 
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of stimulus occurrence upon RT. 


RT 
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SECONDS 
Fic. 1. Experiment 1: The influence of foreperiod, foreperiod variability, and probability 


(RT-foreperiod curves for individual conditions and Ss— 


see Table 1. Overall unweighted mean RTs indicated on the ordinate by horizontal straight 


lines.) 


conditions separately, the range of 
foreperiods was divided into 10 equal 
sections and the mean of RTs asso- 
ciated through their foreperiods with 


Order No. 6683 from ADI Auxiliary Publica- 
tions Project, Photoduplication Service, Li- 
brary of Congress; Washington 25, D. C., 
remitting in advance $1.25 for microfilm or 
$1.25 for photocopies. Make checks pay- 
able to: Chief, Photoduplication Service, 
Library of Congress. 


each section was plotted against the 
expected section mean. The resultant 
RT-foreperiod curves are illustrated 
in Fig. 1, the horizontal lines on the 
ordinate indicating the overall mean 
RTs. False reactions (occurring be- 
fore the stimulus) and premature 
reactions (occurring after, but pre- 
sumed to have been initiated in the 
central nervous system before, the 
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(RT-foreperiod curves for individual conditions and Ss—see Table 1. 
mean RTs indicated on regression curves by horizontal straight lines.) 


stimulus) were excluded from this 
treatment. A reaction was discarded 
as premature if S judged it to be so 
or if the recorded RT was less than 
100 msec. Since false and premature 
responses accounted for only 1.5% of 
trials, it is concluded that anticipation 
was a negligible source of error. 
Analysis of variance of raw RTs 
was performed in order to determine 
whether the illustrated RT-foreperiod 
curves were compatible, at the 2.5% 
confidence level, with the hypothesis 


SUBJECT 3 


20 


20 
IN SECONDS 


Overall unweightet 


of simple regression. Significant 
deviations from simple regression were 
obtained in all conditions except E, Hy 
and J (Sı) and G, H, and J (3). 

It may be seen that overall mean 


‘Slight heterogeneity of variance was 
noted but, in view of the different and com 
plex relationships which appeared to hold 
between the cell means and variances in thg 
several conditions of the experiment, it was 
decided not to attempt a transformation 
Allowing for this source of error, the result 
of the analyses may safely be regarded as 
significant at the 5% level. 
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RT is an increasing function of the 
range of foreperiods, the mean fore- 
period being held constant. Further, 
overall mean RT varies inversely with 
the probability of stimulus occurrence. 

The effect of immediate foreperiod 
is pronounced for ranges of 1.0 and 
2.0 sec., but generally nonsignificant 
for the 0.5-sec. range. The form of 
the RT-foreperiod curve varies with 
the probability, of stimulus occurrence 
and ako between Ss. With unit 
probability of stimulus occurrence, 
RT decreases as a negatively acceler- 
ated function of immediate foreperiod, 
this relationship being most marked 
in Cond. A (2.0-sec. range of fore- 
periods), With the 2.0-sec. range of 
foreperiods, S;'s results show an in- 
creasingly steep positive terminal 
gradient with decreasing probabilities 
of stimulus occurrence. There is no 
indication of such a gradient in the 
results of Sz. 

Experiment I1.—The data of Exp. 
II were treated in the same way as 
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those of Exp I. The resultant RT- 
foreperiod curves and overall mean 
RTs are illustrated in Fig. 2. Since 
false and premature responses ac- 
counted for only 1.2% of trials, it is 
concluded that anticipation was a 
negligible source of error. Analysis 
of variance of raw RTs showed that 
all RT-foreperiod curves were incom- 
patible with the hypothesis of simple 
regression at the 0.1% confidence 
level. 

It is evident that overall mean RT 
is not a critical function of minimum 
foreperiod when the range of fore- 
periods is held constant. Asin Exp. I, 
the effect of immediate foreperiod is 
marked, long RTs again occurring 
with relatively short foreperiods. As 
the minimum foreperiod increases, 
the initial gradient of the RT-fore- 
period curve becomes less steep and 
the curve as a whole more linear. 
Inter-S differences are again apparent : 
whereas the forms of the two Ss’ 
curves are broadly similar, those of Sy 


TABLE 2 


SIMPLE AND INTERACTION EFFECTS (IN 
PRECEDING FOREPERIOD (FP1), AND 


C.) OF IMMEDIATE FOREPERIOD (FP), 
IND PRECEDING FOREPERIOD (FP.3) 


Condition 


Effect 
P Q R s T 
Subject 2 
Fp —6.82** —9,37** —=9,44** —12.19%* —10,12°* 
Fp- —0.01 4.87** 347° 2.99° 1.18 
Fp- —0.53 1.11 1.28 3.45* 0.17 
Fp X Fp-1 013 -191 21.25 -1.07 1.85 
Fp X Fp-s —1.21 1.69 0.37 2.54 1.17 
Fp. X Eoas —0.09 —2.61 0.63 1.01 —0.76 
Fp X Fp- X Fp.s —144 —0,24 1.97 =113 = 1.66 
Estimated SE 1.35 1.33 1.64 1.37 1.52 
ject 3 
Saig -13ag** | —13.93%"| —13.83* —27.16** 
Foa 4.14* 5.32* ; 0.60 
P —0.68 1.96 2.03 
FoX Fpa 5121 —5.86** 0.58 
Fp X Fpa =0.00 2.00 ae 
Fp X Fp-2 —4.54* ~2:29 ERY 
Fp X Fp-1 X Fp 0.33 —0.05 2.72 
Estimated ó 1.75 1.72 1.97 
*P <.05. 


*p <o, 


48 D. H. DRAZIN 


show a more marked foreperiod effect. 

The SDs about values plotted in 
Fig. 2 appear to vary systematically 
with the length of foreperiod relative 
to the range of foreperiods (see supple- 
mentary data). The results of both 
Ss exhibit a similar trend in each 
condition: the scatter of RTs is great- 
est at relatively short intervals, de- 
creases steeply to a minimum at about 
the mean interval, and then increases 
gradually towards the longest interval. 

Previous workers (Karlin, 1959; 
Klemmer, 1956; Woodrow, 1914) have 
shown that the RT on any given trial 
is influenced to some extent by the 
lengths of preceding foreperiods rela- 
tive to the mean foreperiod, longer 
RTs occurring when the foreperiod of 
the preceding trial is relatively long. 
Klemmer (1956) sought but failed to 
find any effects due to the foreperiod 
of the second preceding trial. The 
results of an analysis of the effects 
of the immediate foreperiod (Fp), the 
preceding foreperiod (Fp), and the 
second preceding foreperiod (Fp_»), 
based on the data of Exp. II, are 
presented in Table 2. Taking Ss and 
conditions separately, all RTs, other 
than those recorded on the first and 
second trials of a run, were entered 
in a 2 X 2 X 2 classification accord- 
ing to whether Fp, Fp, and Fp_s 
were separately greater or less than 
the expected mean foreperiod. The 
magnitudes of all main and interac- 
tion effects were estimated by taking 
sums and differences of means in the 
usual way. Significance was deter- 
mined on the basis of estimated 
standard errors, 

The fact that the main effects of Fp 
are all negative and highly significant 
indicates that short immediate fore- 
periods gave rise to long RTs, merely 
confirming the finding established by 
a more precise analysis of variance 
that the RT-foreperiod curves depart 
significantly from simple regression. 


There would appear to be a dis 
continuity in the influence of p 
ceding foreperiods between minim 
foreperiods of 0.125 and 0.25 sec. 
Cond. T (minimum foreperiod = 0.125 
sec.) only the effect of Fp is significant, 
whereas several effects are significant 
in other conditions. 

Discounting Cond. T, long RT 
tend to follow trials with short fore- 
periods and vice versa, as shown b 
the fact that the main effects of Fp4 
are mostly positive and significant. 
There is a suggestion that Fp- has 
an influence similar to but weaker 
than that of Fp_;. This suggestior 
is confirmed for S;, the mean effect 
of Fp_s, averaged over Cond. P, Q; 
R, and S, exceeding the compound 
SE by a factor of 2.70 (P < .01). 

That the Fp X Fp-ı interactions 
are mostly negative suggests that the 
influence of the immediate foreperiod 
is greatest following trials with short 
foreperiods. This is confirmed for Ss 
the mean value of this effect, aver 
aged over Cond. P, Q, R, and Si 
exceeding the compound SE by 4 
factor of 3.62 (P < .001). 

It may also be noted that the 
effects of preceding foreperiods tend 
to diminish as the minimum fore 
period increases beyond about 0.5 
sec. The Fp X Fp- Fp- X Fp 
and Fp X Fp-ı X Fp_» interactions 
are generally nonsignificant. 


DISCUSSION 


The results of the present study tend 
to confirm Klemmer’s (1956) finding 
that overall mean RT, irrespective of 
immediate foreperiod, is an increasing 
function of the range of foreperiods and 
that where the range is appreciable (say 
more than 0.5 sec.) overall mean R 
is not a critical function of the mean 
foreperiod. It is notable that S's and 
S's overall mean RTs in the five condi- 
tions of Exp. II are narrowly scattered 
over ranges of about 2 and 5 msecy 
respectively. Similarly Klemmer, using 
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a 2.0-sec. range, obtained the same 
overall mean RT with minimum fore- 
periods of 0.25 and 3.25 sec.; with a 
minimum foreperiod of 6.25 sec. the 


overall mean RT was only about 13 
msec. longer. 
Klemmer’s (1957) hypothesis that 


overall mean RT is a linear function of 
S's uncertainty as to the timing of the 
stimulus is contraindicated by the pres- 
ent data. Woodrow (1930) found that, 
for intervals less than about 4 sec., the 
variability of temporal judgments (re- 
production of temporal intervals) was 
roughly proportional to the time judged, 
the SD being about 10% of the standard 
interval. Thus, according to Klemmer, 
we should expect that, when range is 
held constant, overall mean RT would 
be an increasing function of the minimum 
foreperiod. It has been noted, however, 
that the results of Exp. II showed no 
trend in this direction. 

Most of the RT-foreperiod curves 
obtained in the present study and many 
illustrated in the literature (e.g., Breit- 
weiser, 1911; Karlin, 1959; Woodrow, 
1914) exhibit marked initial gradients. 
Neither the characteristics nor even the 
existence of such gradients are explicable 
in terms of Klemmer's “informational 
hypothesis,” since this only relates time 
uncertainty to the overall mean RT. 
Given the finding that RT is related to 
the immediate foreperiod, then it would 
seem that the characteristics of this rela-, 
tionship must receive prior explanation: 
a theory which could account for the 
entire RT-foreperiod curve would a 
fortiori account for the overall mean RT. 
That Klemmer failed to obtain evidence 
of an initial gradient in the RT-fore- 
period relationship may possibly be due 
to a fundamental difference in experi- 
mental procedure. Klemmer used ranges 
composed of 11 equally spaced fore- 
periods delivered in random order (i.e., 
a discrete foreperiod frequency distribu- 
tion bound by a rectangular envelope). 
For very short intervals, where the dif- 
ference between alternative foreperiods 
(interforeperiod difference) must have 
been easily discriminable, S may have 
learned to “focus his attention” at or 
about the moments when there was a 
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definite probability that the stimulus 
would occur, and by so doing he might 
have been able to respond more quickly 
(Mowrer, 1940). In the present study, 
however, foreperiod variability was con- 
tinuous, so that such tactics would have 
been inappropriate. Concordant with 
this suggestion is the fact that in Klem- 
mer's (1956, Fig. 1) variable foreperiod 
tests, where the interforeperiod differ- 
ence was of the same order of magnitude 
as the minimum foreperiod, the mean 
RTs for the shortest intervals were below 
the overall mean RTs for their respective 
ranges but, where the interforeperiod 
difference was relatively small, the mean 
RTs for the first intervals were, as in the 
present study, somewhat above the 
general means, 

Woodrow (1914) and Karlin (1959) 
have suggested that the RT-foreperiod 
relationship reflects progressive changes 
in S's state of readiness. According to 
this view, the effects of preceding fore- 
periods are attributable to an adaptation 
process: on average, readiness reaches 
a peak or plateau at about the mean 
interval, but this peak or plateau tends 
to be attained earlier or later, according 
to the length of the preceding interval. 
The present results confirm the findings 
of Karlin (1959), Klemmer (1956), and 
Woodrow (1914) that RT varies as an 
increasing function of the preceding fore- 
period. It has also been shown that RT 
varies in a like manner but to a less 
extent with the second preceding fore- 
period. This suggests that the adapta- 
tion process which has been postulated 
is heavily biased in favor of recent 
intervals, but may be sensitive to quite 
remote ones. 

The present finding that the scatter 
of RTs is greatest at relatively short 
intervals and least at intermediate ones 
may be interpreted as further support 
for the adaptation hypothesis. Readi- 
ness will be most variable at the mini- 
mum foreperiod, since on some occasions, 
following a series of relatively long 
intervals, the stimulus will occur at a 
point of minimum readiness, whereas 
on other occasions, following a series of 
relatively short intervals, the stijiulus 
will occur at a point of maximum/readi- 
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ness. At intermediate intervals, how- 
ever, S’s state of readiness will rarely be 
much less than maximal and a smaller 
scatter of RTs might therefore be 
predicted. 

It is interesting to note two areas in 
which the evidence concerning the ef- 
fects of preceding foreperiods is in 
apparent conflict. First, while Karlin 
(1959) found that the effect of the im- 
mediate foreperiod was greatest following 
long preceding foreperiods, the present 
results show this effect to have been 
greatest following short preceding fore- 
periods. Further, it would seem that 
Klemmer (1956) found no significant 
trend in either direction. 

Second, whereas Karlin obtained anom- 
alous but significant effects due to pre- 
ceding foreperiods in conditions where 
the minimum foreperiod was less than 
0.8 sec., the present results indicate no 
significant effects of previous foreperiods 
with very short minimum foreperiods. 

It is to be hoped that discrepancies 
such as these will be resolved by further 
studies, so that the characteristics of 
the postulated adaptation mechanism 
can be specified more clearly. It might 
then be possible to predict the form of 
RT-foreperiod curve which would result 
from the use of any random distribution 
of foreperiods. The mean RT for any 
foreperiod could be calculated simply 
by weighting the RTs characteristic of 
all possible patterns of preceding fore- 
periods by their expected frequencies 
within the distribution in question. 

In Exp. I it was found that the RT- 
foreperiod relationship was dependent 
on the probability of stimulus occurrence, 
and that the form of this dependence was 
subject to sizable individual differences. 
It would be premature to speculate on 
the general significance of these results 
or their specific relevance to the adapta- 
tion hypothesis discussed above. At 
present it will suffice to indicate the 
necessity of controlling the frequency 
of check trials in investigations into the 
form of the RT-foreperiod relationship. 


SUMMARY 


Tn two parallel experiments, the foreperiod 
of a simple reaction task was varied at random 


within a rectangular frequency distribu 
tion. In a total of 14 conditions, the minis 
mum foreperiod, range of foreperiods, and 
probability of stimulus occurrence 
systematically varied. 

The results indicate that the RT-foreperiod 
relationship is subject to a range effec 
all conditions where the range of foreperiod 
exceeded 0.5 sec, RT tended to decreas 
initially as a negatively accelerated functio 
of the foreperiod. The detailed form of this 
relationship was found to depend upon thé 
minimum foreperiod, the range of foreperio 
and the probability of stimulus occurrent 
The scatter of RTs was greatest for sl 
foreperiods and least for foreperiods 
intermediate length. 

Reaction time was also found to vary with) 
the foreperiods of the preceding reaction andy 
toa less extent, the second preceding reaction 
in either case, long RTs tended to follo 
reactions with short foreperiods and wi 
versa. The effect of immediate foreperio 
was most marked following reactions witl 
short foreperiods. 

The experimental findings are interpre’ 
as evidence in favor of the view tha 
RT reflects S’s state of readiness for th 
stimulus. 
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FREE RECALL AND ORDERING OF TRIGRAMS? 


LEONARD M. HOROWITZ? 
Johns Hopkins University 


Some explanation is needed for the 
fact that intralist similarity can have 
either inhibitory or facilitative effects 
on the learning and retention of verbal 
material. The specific role of intra- 
list similarity seems to depend upon 
the nature of S’s task, although the 
critical task variables are not known. 
The purpose of the present study 
is to examine some of these critical 
variables. 


Underwood (1952, 1954) varied the simi- 
larity relationship between the items of a list 
learned by serial anticipation and concluded 
that “recall and intralist similarity are not 
ly related” (1954, p. 160). To 
vary i similarity, Underwood used 
lists of consonant-vowel-consonant (CVC) 
trigrams which contained as many different 
letters as possible (low intralist similarity) 
and other lists in which certain letters oc- 
curred repeatedly throughout the syllables 
(high intre similarity). More trials were 
needed to learn, and later to relearn, the high 
similarity lists to criterion. But the number 
of overt errors per trial during learning was 
not related to intralist similarity, nor was 
recall 24 hr. later. 

Underwood defines intralist similarity as 
the extent to which the items of a list share 
letters in common with one another. Intra- 
list similarity can also be expressed in terms 
of the sequential restrictions between the 
letters of the items. For example, particular 
groupings of two or more letters might occur 
with a high probability in the syllables of one 
list while these relationships could be left 
to chance in another list. The list in which 


1 This paper is based upon a dissertation 
submitted in partial fulfillment of the require- 
ments for the PhD degree at Johns Hop- 
kins University. It reports work done while 
the author was a Fulbright Fellow at Univer- 
sity College, London, and a Social Science 
Research Council Fellow at Johns Hopkins 
University. The author is indebted to James 
Deese and A. R. Jonckheere for their en- 
thusiastic advice and encouragement. 

? Now at Stanford University. 


51 


the sequential dependencies depart markedly 
from randomness would be called highly 
redundant (Miller, 1958), 

Miller (1958) set up explicit rules to gener- 
ate redundant lists of items four to seven 
letters long. He also used lists in which the 
item letters were combined at random. When 
redundancy was introduced into Miller's 
lists, the items became more similar (by 
Underwood's definition) to one another, 
Miller has demonstrated that the redundant 
lists had greater intralist similarity by a task 
in which Ss search for particular items from 
a list of redundant items and from a list of 
random items, The median search time was 
considerably higher for the redundant lists. 

Each of Miller’s lists was presented in 
various orders, and after each presentation Ss 
were tested by the method of free recall. 
Recall of the redundant lists (high intralist 
similarity) was superior to that of the random 
lists, not only throughout original learning 
but also after the interpolation of another 
list. Since Underwood found that recall and 
intralist similarity are not systematically 
related, this outcome is rather surprising. 

Aborn and Rubenstein (1952; Rubenstein 
& Aborn, 1954) have found essentially the 
same result as Miller with verbal material 
more like Underwood's, Whereas Miller's 
material contained four different consonants 
only, Aborn and Rubenstein used 16 CVC tri- 
grams involving 19 different letters. The 
syllables were put together to form a list, but 
the lists ranged from a random assortment of 
trigrams to a highly redundant one (“highly 
organized,” in their terms), As in Miller's 
data, the higher the intralist similarity, the 
greater the mean recall score, 

The measure of learning in the Aborn and 
Rubenstein studies was more like Miller's 
method of free recall than Underwood's serial 
learning since, for the most part, the serial 
order of S's recall did not affect his score, If 
a trigram was correctly placed within a group- 
ing of four items (whether the grouping itself 
was recalled early or late), it was scored as 
a correct item. It was also scored correct it if 
merely followed another trigram appropriately 
in recall. 

Thus the principal difference between 
Underwood's study of serial anticipation and 
the studies by Miller and Aborn and Ruben- 
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stein is not in the concept needed to describe 
the interitem relationship (similarity), but in 
the measures of learning used. The major 
difference between serial learning and free 
recall is that serial learning requires a unique 
ordering of the items, while free recall does not. 

The closest experiments to a study of the 
ordering process are discrimination studies 
like that of Fitts, Weinstein, Rappaport, 
Anderson, and Leonard (1956). Discrimina- 
tion, like the ordering part of serial learning, 
places a premium on the uniqueness of items 
in the test material. Fitts et al. found that 
randomly generated geometrical figures can 
be recognized more rapidly than statistically 
constrained figures. In other words, redun- 
dancy is a hindrance to visual pattern recogni- 
tion. It would not be surprising, then, to 
discover that redundancy is a hindrance to 
ordering as well. 


The evidence suggests that high 
intralist similarity may facilitate free 
recall learning and hinder ordering. 
When ordering and free recall are 
combined in the serial anticipation 
method, serial learning could appear 
unrelated to intralist similarity. In 
view of this possibility, the first step 
in an analysis of intralist similarity 
would be to study the effects of such 
similarity upon free recall and order- 
ing separately. That is the purpose 
of the present experiment. 


METHOD 
Materials 


Two lists of 3-consonant (CCC) trigrams 
were used. One list contained fewer different 
letters than the other and therefore had 
greater intralist similarity. The high-simi- 
larity list was composed of four letters and is 
referred to as L4. It made use of F, S, V, and 
X to make a total of 12 items. These items 
are VXF, XVS, FSV, SFX, XFV, FXS, VSX, SVF, 
VFS, FVX, SXV, and xsF. Each of the four 
letters occurs three times as the initial letter 
of a syllable, three times as the middle letter, 
and three times as the final letter. A single 
letter occurs only once in an item. 

This list contains half of the 24 possible 
three-letter combinations. Moreover, any 
one item in the group can be transformed into 
another item by applying the following rule: 
Replace any one letter of a three-letter com- 
bination by the fourth letter and interchange 


the remaining two letters of that item. For 
example, the first item of the list is vXF, 
If the F of this item is replaced by an s, and 
the v and x are interchanged, the new item 
is xvs, the second item on thelist. Applica- 
tion of this rule yields precisely the above 12 
items and no others. The rule does not 
generate the reversals of the items, though. 
(xv is a reversal of vxF and does not occur.) 

Each pair of letters occurs twice—once 
as the first two letters of a syllable and once 
as the last two letters of a syllable. In both 
cases the pair occurs in combfnation with the 
same third letter. (Fx, for example, ‘occurs 
in the item Fxs as well as SFX.) 

The other list is called L12 because it 
contains 12 different letters. The L12 items 
are: QSZ, KXW, MRV, WQJ, VKH, ZMO, HWS, 
FVX, JZR, XHF, SJM, and RFK. This has the 
following properties: (a) Each letter urs 
once in each position; (b) a particular pair 
of letters occurs in only one item; and, of 
course, (c) all possible pairs or triplets of the 
letters do not appear in the list, 


Methods of Presentation 


Each list was presented to two groups of 5s. 
One group was required to learn the items by 
the method of free recall. The other was 
required to learn the order of the items, but 
not the items themselves. ; 

Free recall—L4 was presented one trigram 
at a time, on 4 X 5 in. flash cards. Each 
trigram was shown for 4 sec. After the Ss 
had seen the entire list, they were instructed 
to record on their answer sheets, in any order, 
as many of the items as they could remember} 
guessing was permitted. The answers were 
collected, and the items were presented again 
in a different order. This was done in order 
to minimize self-instruction for ordering 
among the Ss. A second group of Ss was 
presented with L12 in the sameway. 

Ordering —L4 was presented to a group 
of Ss in a standard order of presentation. 
The order was the order in which the items 
are listed above. After each presentation, 58 
were supplied with a packet of 12 1 X 1 in. 
slips of paper. Each slip of paper had on it 
one of the L4 items. The Ss were instructed 
to re-arrange these 12 slips so that the order 
corresponded to the order in which the flash 
cards had been presented. (The order of the 
items in the packet was different on each of 
the 10 trials.) 

A fourth group ordered the L12 items under 
the same procedure. The standard order of 


the L12 items was the order in which they 
are listed above. 
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TABLE 1 


MEAN Correct RECALL Scores AND MEAN 
TOTAL RESPONSE SCORES WITH 
L4 ann L12 


Mean Number of 


Syllables Correctly Mean Number of 


Responses Given 


Trial e Recalled 
L4 L12 L4 L12 
1 3.12 1.83 7.20 6.08 
2 4.80 |» 3.54 9.24 7.15 
3 | 05.72 4.79 10.08 8.62 
4 6.24 5.96 10.40 10.08 
5 6.56 5.92 10,52 9.79 
6 6.64 TAZ 10.64 10.54 
7 6.60 7.42 10.20 10.42 
8 7.00 8.00 10.68 10.42 
9 7.16 8.46 10.96 10.08 
10 7.79 8.50 10.44 11.08 


Subjects 


Each group contained the children of a 
preformed class in the Sir William Collins 
School, a secondary modern school in London, 
England. These groups were comparable in 
age, IQ, and academic achievement, and Ss 
within each group were tested simultaneously. 
There were 24 and 25 Ss in the free recall 
groups, and 30 and 19 Ss in the ordering 
groups. (The groups were unequal in size 
since the classes were unequal in size, but this 
difference does not affect the statistical 
analysis of the data.) All Ss were male, 14 
or 15 yr. old, and slightly above average in 
intelligence. 


RESULTS AND Discussion 


The most general result is that free 
recall for L4 is higher than for L12 
early in learning (although the su- 
periority is lost on later trials), while 
L12 is consistently easier to order than 
L4. The detailed results for the two 
methods are reported below. 


Free Recall 


Correct responses.—Table 1 shows 
the mean number of syllables cor- 
rectly recalled on each trial and the 
mean number of responses (correct 
and incorrect) that Ss produced. L4 
is superior to L12 in correct recall 


for Trials 1 through 5. Tested by. 
the Mann-Whitney U test, the initial 
difference is significant at P < .001, 
Table 2 summarizes the analysis of 
variance of the correct recall scores. 
The Trial X List interaction is sig- 
nificant at P < .001, although on the 
average, the difference between the 
two lists is not significant. $ 

The superiority of L4 in free recall 
is probably the result of chance 
guessing. Each L4 S must have 
learned all the L4 letters quite early 
since each S used all four letters in 
his responses on every trial. Further- 
more, each response was a three-letter 
combination. If S randomly com- 
bined the four L4 letters into three- 
letter combinations, the probability 
of his producing a correct item is 3. 
Table 1 shows that the mean correct 
score for L4 on the early trials is about 
half the mean total response score. 
Thus, the advantage of the high- 
similarity list is that it enables Ss to 
correctly guess a large number of 
items. 

Just why L4 lost its superiority, 
though, is not completely clear. This 
loss of superiority may be due in part 
to the extreme similarity of the L4 
items to each other. In the later 
stages of free recall learning, two or 
more very similar items may general- 


TABLE 2 


ANALYSIS OF VARIANCE OF CORRECT 
RECALL Scores 


of 
asia a MS F 
Between Ss 48 
Lists 1 0.012 =- 
Error (b) 47 21.365 
Within Ss 441 
Trials 9 151.269 | 50,79* 
Lists X 
Trials 9 11.797 3.96* 
Error (w) 423 2.978 
Total 489 
*P <.001. 
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ize to the same erroneous response at 
the expense of a correct item. Such 
generalization may be difficult to 
overcome so that further improve- 
ment is hindered. This issue needs 
to be studied further with more levels 
of intralist similarity. 

Intrusions —There were 198 letter- 
intrusions throughout the responses 
of L4. E, U, and Y made up 72% 
of these intrusions. The responses of 
L12 contained 140 intrusions, and all 
14 possible intrusions occurred. Since 
S's recall was handwritten, the abso- 
lute number of intrusions may be 
slightly biased by possible errors in 
scoring. Therefore, a statistic sum- 
marizing the variability of intrusions 
is probably more appropriate here: 
the uncertainty in the L12 intrusions 
was 3.36 bits, while that in the L4 
intrusions was 2.14 bits. Thus, L12 
led to a greater variety of intrusions 
than L4. One reason for this differ- 
ence in distribution is that the 12 
letters of L12 evoked more different 
verbal habits than did the 4 letters 
of L4. 


Ordering 


Kendall’s P (1955, pp. 3-7) was 
selected as the best measure of “good- 


TABLE 3 


MEAN ORDERING SCORES AND MEAN CORRECT 
PLACEMENT Scores witn L4 AND L12 


Mean Ordering Scor, 
(Kendall's P) | iitneccurect 
Trial 
La Li L4 L12 
it 35.48 52.33 1.44 4.70 
2 41.21 55.14 3.41 5.79 
3 43.70 59.07 2.78 7.73 
4 45,45 60.30 3.53 8.23 
5| 4645 | 61.63 | 394 | 8.73 
6 43.40 63.63 Sit 10.57 
if 47.27 64.70 4.00 10.57 
8 49,77 65.03 5.71 11.20 
9 | 48.43 | 65.00 | 517 | 11,00 
10 | 56.22 | 65.23 | 661 | 1120 


ness of ordering.” All pairs of ite 
are considered one by one in S§' 
returned packet; and whenever two 
items are correctly placed relative 
one another, +1 is scored for that 
pair. Kendall's P may be considered 
the total number of +1's in a particu 
lar ordering? P=66 and P=Q 
indicate perfect ordering and perfect 
reverse ordering, respectively, of 12 
items. P = 33 is the‘ mean chance 
expectation and indicates no relation: 
ship between the correct order and 
S’s order. The SD of P values fol 
chance orderings of 12 items is 7.3. 

Table 3 gives the mean P scoi 
on each trial. It is clear that t 
L12 items are more distinctive a 
easier to order. The L12 group sta 
off at a higher origin, reaches % 
higher asymptote, and improves mor 
smoothly. 

Representative serial position cur 
(Trials 1, 5, and 9) are shown in Figi 
1. The ordinate of Fig. 1 is the per 
centage of Ss who placed a particulat 
item in its correct position—irresp 
tive of the placement of the othe 
items. L12 begins with a serial po 
tion effect on Trial 1 and improve 
to nearly perfect ordering (Trial 9 
where the serial position effect j 
about disappears. A serial positiO 
effect for L4 does not really emerg 
until quite late in learning. In fact 
the later trials of L4 resemble mos 
the earlier trials of L12. This ¢ 
be seen from Table 4, which contai 
correlations of “percent correct” sco! 
between L4 and L12, position 
position, for representative trials. 

The conclusion comes up agail 
that ordering is retarded with 
The high similarity of the items 


$ Because P has this simple, direct interp r 
tation, it seems better suited here than Kel 
dall’s tau. P is, however, directly related 


tau. Foran ordering of 12 items, tau ae = 
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SERIAL POSITION 


Fic. 1. Serial position curves on Trials 1, 5, and 9 for L4 and L12. 


this list makes it extremely difficult 
for Ss to discriminate sufficiently 
between the items to learn a unique 
ordering of them. 

Another way to look at the serial 
position data is to ignore relative 
ordering and consider the number of 
items that Ss placed in precisely the 
correct position on each trial. With 
this kind of measure—total number of 
correct placements—random arrange- 
ments of 12 items by a large popula- 
tion of Ss would give essentially a 
Poisson distribution of scores (Feller, 
1957, pp. 97-99) with a mean of 1. 
It can further be shown that if the 
precise location of k items is mem- 
orized and the remaining items are 
assorted randomly, the best estimate 
of the mean correct placement score 
would be k + 1. 

The mean correct placement scores 
are listed in Table 3. Prior to Trial 
8, the mean for L4 does not rise above 
4.0. If S memorized the first, second, 
and last items and let the remaining 
items fall randomly, the expected 
mean would be 4.0. It is not until 
the mean score rises above this point 


(Trial 8) that a real serial position 
effect emerges. Thus, it seems that 
with the highly similar items of L4, 
the items are not ordered relative to 
one another, but are memorized 
individually. 

If seven items are ordered 1, 3, 4, 5, 
6, 7, 2 the ordering score is P = 16 
(out of a maximum of 21) and the 
correct placement score is 1 (out of 
a maximum of 7). Thus, excellent 
relative ordering can be obscured by 
the correct placement score. In order 
to show how the two measures are 
related in empirical data, correct 
placement scores have been plotted 
against ordering scores in Fig. 2. 


TABLE 4 
CORRELATIONS, POSITION BY POSITION, 
BETWEEN “PERCENT CORRECT” 
Scores ON L4 anD L12 


L4 
L12 
Trial 1 Trial 5 Trial 9 
Trial 1 0.39 0.84 0.80 
Trial 5 = 0.73 0.90 
Trial 9 = = 0.62 
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Y=1.91X +44.03) 


ta 
(LEAST SQUARES SOLUTION 
Y = 3,46X +31,99) 


ORDERING SCORE 


o 2 4 6 8 10 12 
CORRECT PLACEMENT SCORE 


Fic. 2, Relationship between ordering 


scores and correct placement scores for 
L4 and L12. 


For both lists the regression is 
linear, but the slopes differ consider- 
ably. If ordering improved as a func- 
tion of correct placements only, about 
a three-point increase in ordering 
would occur to a one-point increase 
in correct placements. This is what 
happens with L4. When the correct 
placement score is 1, the ordering 
score is approximately 36. But the 
L12 ordering score starts considerably 
higher than one would predict from 
the 3:1 relationship. In fact, the L12 
regression line suggests that had it 
been possible to measure performance 
early enough in learning, an ordering 
score of 46 would have corresponded 
to one correct placement. After S 
has reached a relatively good level 
of ordering, though, there is not much 
room for improvement, and the slope 
of the regression equation for L12 


would have to be, and is, lower than 
that of L4. 


These findings indicate the presence 
of an interaction between intralist simi- 
larity and S’s task. High intralist simi- 


larity facilitates free recall early in 
learning, but this superiority is lost on 
later trials. Low intralist similarity 
uniformly facilitates ordering. 

When S learns by the method of serial 
anticipation, he has at least two tasks 
He has to recall a set of responses (the 
items of the list) and he also has to order 
these responses. In view of the inter= 
action between intralist similarity and 
S's task, it is possible that, on the aver. 
age, the importance of ‘intralist simi 
larity might be underestimated by thi 
method of serial anticipation. Further= 
more, this interaction might account for 
Underwood's (1954) conclusion that 
“recall (after 24 hr.) and intralist simi 
larity are not systematically related" 
(p. 160). 

A recent study by Underwood, Rune 
quist, and Schulz (1959) indicates thi 
paired-associate learning can be analyz 
into two phases: (a) a response-learnil 
phase, when responses become readily 
recallable, and (6) an associative phat 
when each response is paired with 
specific stimulus. One of their finding 
closely resembles a finding of this study: 
that high intralist similarity facilitates 
response learning. Since high intralii 
similarity hinders overall paired-asso 
ate learning (Feldman & Underwoo 
1957), Underwood et al. (1959) inferr 
that the interference component of hi 
intralist similarity occurs in the associi 
tive phase. In this respect the associ 
tive phase of paired-associate learning 
is like the ordering part of serial learnin! 
This notion could be tested directly 
teaching Ss to match cards to appropri- 
ate stimuli without actually having them 
learn the responses per se. : 
method of the present study is directly 
applicable to the study of paired 
associate learning. 

The present results, furthermore, sug 
gest the following way to maximize ove 
all efficiency when S has to learn 
number of lists by the serial anticipation 
method or the paired-associate method: 
The entire pool of items should first 
be grouped into lists of maximum intri 
list similarity for learning by the method 
of free recall. Then the items should be 
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regrouped into lists of minimum intralist 
similarity for ordering or for associative 
learning. If there is no negative transfer 
from free recall to ordering or to associa- 
tive learning, serial learning or paired- 
associate learning should then proceed 
very rapidly. This analysis needs to be 
tested experimentally. 


SUMMARY 


This study was designed to examine the 
joint influence of intralist similarity and the 
nature of S’s task on verbal learning. Two 
lists of 12 3-consonant trigrams were used. 
The trigrams of the high-similarity list con- 
tained only 4 different letters, while those of 
the low-similarity list contained 12 different 
letters. Two groups of Ss recalled as many 
syllables as they could after each of 10 
presentations, while two other groups learned 
the order of the syllables but not the syllables 
themselves. 

The results indicate the presence of an 
interaction between intralist similarity and 
the nature of S’s task. High intralist simi- 
larity facilitates free recall early in learning, 
but this superiority is lost on later trials. 
i t similarity, on the other hand, 
acilitates ordering. Since recall 
and intralist similarity have not been found 
to be systematically related when the method 
of serial anticipation was used, this interac- 
tion may be important in understanding the 
method of serial anticipation. 

It was suggested that the method of this 
study might be applied to the study of paired- 
associate learning. The results also imply a 
way to maximize overall efficiency when S 
has to learn by the method of serial anticipa- 
tion or by the method of paired-associates. 
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FORWARD, BACKWARD, AND PSEUDOCONDITIONING 
OF THE GSR 


R. A. CHAMPION ann J. E. JONES! 
University of Sydney 


For some time it has been custom- 
ary to class forward and backward 
conditioning as fundamentally differ- 
ent processes and to regard the latter 
phenomenon as a form of pseudo- 
conditioning (Underwood, 1949) or 
sensitization (Osgood, 1953) rather 
than true conditioning. While the 
evidence for this distinction is strong 
in the case of short-latency CRs (e.g., 
Spooner & Kellogg, 1947), there are 
theoretical reasons for believing that 
some true learning may cccur when 
a backward conditioning procedure 
is used with a long-latency response 
(Mason, 1959). One reason for this 
expectation is that the presentation 
of the UCS prior to the CS by an 
appropriate time interval should allow 
greater contiguity of the CS and the 
UCR if the latter has a long latency. 
If it be supposed, however, that rein- 
forcement is a necessary condition for 
learning as well as S-R contiguity 
then the backward conditioning pro- 
cedure may mean greater delay of 
reinforcement and less propitious con- 
ditions for learning. Considering 
degree of S-R contiguity as the inter- 
val between the onset of the CS and 
the onset of the UCR, there may be 
greater contiguity in the backward 
procedure than in the forward pro- 
cedure. On the other hand, assuming 
that proximity of reinforcement is the 
interval between the occurrence of the 
CR and the offset of the UCS, there 
may be greater proximity in the for- 
ward procedure than in the backward 


‘Formerly Joan E, Mason and now at 
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procedure. The optimum arrange 
ment of stimuli for conditioning may 
be expected to vary with the latency 
of the response being conditioned; 
among other factors. In the present 
state of knowledge these optimum 
conditions cannot be accurately spec 
fied, it not being known, for example 
that the reinforcement in classi 
aversive conditioning necessarily oca 
curs with the offset of the noxioul 
UCS, nor that any reinforcement 4@ 
all is required in classical conditionin 
As a first approximation the type Øl 
theory referred to above leads to th 
possibility of obtaining some degree 
of true backward conditioning of thi 
GSR and the following data allow! 
test of this possibility. When the € 
periment was first designed it was asi 
sumed that a backward conditioning 
schedule would provide a valid control 
for pseudoconditioning, but this pro 
cedure produced evidence for true com 
ditioning in the form of a clear and 
continued rise in performance and 
group was therefore also tested with 
no short-term contiguity of CS and 
UCR, either forward or backward. 


METHOD 


Subjects—The Ss were 32 male and 28 
female volunteers from undergraduate co 
in psychology at the University of Sydney: 

A pparatus.2—The S was seated in a soundi 
reduced room separate from that containing 
E and the main apparatus. The CS was 
2000-cps, 60-db. tone of 20 msec. duration 
presented through a speaker immediate 
behind S’s back. The ambient noise levë 


* Part of the apparatus used in this study 


was provided by Commonwealth of Australia 
Research Grant No. 2002, 
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in S's room was approximately 50 db., being 
contributed to by the sound of an electric 
circulation fan. The UCS was a spike-wave 
ac shock of 90 cps, 3.20 milliamp., and 600 
msec, duration. Shock strength was meas- 
ured by means of an oscilloscope with a 
15,000-ohm resistor in place of S. The shock 
was delivered to S through copper electrodes 
in the form of spring clamps 15 mm. wide 
which almost encircled the third and fifth 
fingers of the right hand near the fingertips. 
The GSR was picked up through thimble- 
type electrodes of German silver 30 mm. in 
length on the second and fourth fingers of the 
right hand. The shock and GSR electrodes 
were used in conjunction with electrode 
jelly. The GSR was measured and amplified 
with an electronic de amplifier of the bridge 
type supplying constant current of 100 
microamp. to the electrodes and followed by 
an ink-writing recorder, The time intervals 
listed above were determined by electronic 
interval timers, but when shock was used in 
isolation as a stimulus its duration was deter- 
mined manually by Æ to avoid any possibility 
of giving cues to S and approximated 600 
msec, 

Procedure.—Following the receipt of in- 
structions each § was given five trials with 
the UCS alone; the first and second shocks 
were 1.60 and 2.27 milliamp., respectively, and 
the remainder were 3.20 milliamp, The inter- 
trial interval depended on S’s skin resistance 
reaching a steady level and was at least 60 
sec.; the interval rarely exceeded 75 sec, and 
averaged about 65 sec. No ready signals were 
given at any stage of the experiment. 

After the five preliminary UCS trials, 
Group TS (N = 20) was put on a forward 
conditioning schedule with 500 msec. between 
CS onset and UCS onset. Four CS-alone 
trials (T) were interspersed with the training 
trials (TS) as tests of conditioning and three 
more UCS-alone trials (S) were also included. 
The order of trials was TS, T, S, TS, TS, T, 
TS, S, TS, S,. T, TS, (TS, To; Group, ST 
(N = 20) was put on a backward condition- 
ing schedule with 750 msec. between UCS 
onset and CS onset; the order of trials was 
the same as for Group TS, but UCS-CS trials 
(ST) replaced the CS-UCS trials (TS). 

After the data had been obtained from 
these two groups a third groupof 20 Ss was 
tested with a similar series of stimuli but with 
discrete presentations of tone and shock 
(Group T & S). The Ss in this group received 
as many tones and shocks as the members of 
Groups TS and ST, but the stimuli were given 
in a different random order for each S and 
the minimum intertrial interval of 60 sec. 
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conditioning (Group TS), backward condi- 
tioning (Group ST), and pseudoconditioning 
(Group T & S). 


was retained. The CS-alone trials (T) used 
as test trials in Group T & S were those which 
were preceded, on the average, by 6, 9, 13, 
and 15 shocks, as in the experimental groups. 
In addition, the whole series was begun with 
a CS-alone trial. 


RESULTS 


The procedure adopted with Groups 
TS and ST did not allow any measure 
to be taken of the GSR to the tone 
before any UCS-alone trials or CS- 
UCS trials. A number of experiments 
conducted in the University of Sydney 
laboratory have shown that the size 
of a GSR to a tone varies with the 
duration and intensity of the stimu- 
lus but that the median GSR before 
any training is approximately 1.5 
micromhos for a 20-msec., 60-db. 
tone; a value of this order was there- 
fore derived for each S in the two 
experimental groups by taking 15% 
of the mean score over the last three 
preliminary shock trials. The va- 
lidity of this procedure is confirmed 
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by the measured median value of 
1.3 micromhos in Group T & S. 

The performance curves obtained 
in the experiment are shown in Fig. 1 
and it may be observed that the rise 
in performance for the forward and 
backward groups (Groups TS and ST) 
is accompanied by a slight fall in the 
performance of the pseudocondition- 
ing group (Group T & S). It is 
emphasized that the number of shocks 
administered before each block of test 
trials is constant over the three 
groups; in average terms, and exclud- 
ing the preliminary shock-alone trials, 
there were 2.5 shocks before the first 
block of test trials (Trials 2-3 in 
Fig. 1), after two training trials in 
Groups TS and ST, and nine shocks 
before the second block of test trials 
(Trials 4-5 in Fig. 1), after six training 
trials in Groups TS and ST. 

Because the scores were not nor- 
mally distributed, nonparametric tests 
were used. An H test (Edwards, 
1954) was applied to the total GSR 
for the first and second blocks of test 
trials combined and it showed that 
the three groups differed significantly 
(H = 27.79, P < .01). This was fol- 
lowed by separate U tests (McNemar, 
1955) comparing Groups TS and ST 
(z = 1.39, P = .16) and Groups ST 
and T &S (z = 3.96, P < .001). The 
trend in the three groups combined 
was examined over test trials by means 
of Mood’s test (McNemar, 1955) 
and it proved significant (x? = 7.30, 
P < .05). Separate Mood tests then 
showed significant upward trends in 
Groups TS and ST (x? = 10.90 and 
12.10, respectively, with P < .01) 
but no trend in Group T & S (x2=5.20, 
P > .05). One other point of interest 
is that the difference between Groups 
TS and ST was significant on Test 
Trial 2 according to a U test (s=2.06, 
P = 04). This is the stage at which 
the greatest rise in performance 


typically occurs in GSR conditioning 
(Champion, 1961; Moeller, 1954), as 
with many other responses. 


DISCUSSION 


The results point to a difference be- 
tween backward conditioning @nd pseud- 
oconditioning of the GSR as defined by 
the procedures used with Groups ST and 
T & S, respectively. The performance of 
Group ST showed a rise whereas that of 
Group T & S showed a nonsignificant 
fall. The initial improvement of the 
Group ST may not have been as great 
as that of the Group TS, but the two 
groups did not differ significantly over 
training as a whole. The general con- 
clusion to be drawn is that the pseudo- 
conditioning of the GSR is a basically 
different process from that occurring in 
forward and backward conditioning. A 
limitation to be placed on this conclu- 
sion at present is that the forward or 
backward interval between CS onset 
and UCS onset should not exceed 750 
msec. In a pseudoconditioning control 
group Moeller (1954) used a backward 
conditioning procedure with the UCS- 
CS interval varying between 3000 and 
5000 msec. He obtained no rise in per- 
formance over 23 trials on Day 2 of the 
experiment but did not report the effect 
of the 15 trials which all Ss received 
on Day 1. 

The present data lend weight to the 
possibility that UCS-CS trials may pro- 
duce some degree of true conditioning 
in the case of a long-latency response 
such as the GSR. This outcome is in 
direct opposition to the prediction of 
Hilgard (1951) that a longer forward 
interval would be more appropriate with 
a long-latency response, which has been 
disproved (Moeller, 1954; White & 
Schlosberg, 1952). Further considera- 
tion of the initial argument on the defini- 
tion of contiguity shows that a backward 
gradient of reinforcement must be as- 
sumed to operate in the conditioning of 
the GSR no matter what aspect of the 
UCS is taken as reinforcement unless the 
offset of the UCS is delayed an unusually 
long time. This is generally true in 
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backward conditioning and applies in 
forward conditioning as long as the 
latency of the CR exceeds the interval 
between CS onset and UCS offset. If 
the concept of “backward reinforcement” 
is unacceptable then it presumably must 
be postulated that the conditioning of 
the GSR*occurs without reinforcement. 
A possible reason for the failure to obtain 
true conditioning of a short-latency re- 
sponse with UCS-CS trials may be found 
if the appropriate latencies of the 
responses are considered. If the latency 
of the response is less than 500 msec., 
as with hand withdrawal or the eyeblink, 
then forward gradients of contiguity and 
reinforcement may be assumed in for- 
ward conditioning but both gradients 
must be taken as operating backwards 
in backward conditioning, again pro- 
vided that UCS offset is not unduly 
delayed. 


SUMMARY 


A comparison was made of forward, back- 
ward, and pseudoconditioning of the GSR 
in the expectation that a backward procedure 
would produce true conditioning in such a 
long-latency response. The expectation was 
confirmed, for whereas the performance of 
the first two groups increased with paired 
CS-UCS or UCS-CS trials, that of the pseudo- 
conditioning group decreased to a nonsignifi- 
cant degree with comparable numbers of 
unpaired CS and UCS trials. Reasons were 
advanced for the failure on the part of other 


workers to obtain conditioning of a short- 
latency response with UCS-CS trials. 
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The purpose of the present investi- 
gation was to determine the ways in 
which the visual perception of ele- 
ments of a stimulus complex is influ- 
enced by the amount of experience 
with the complex and by specific 
features of the complex designated as 
location and loading. 

The critical aspect of the experi- 
ment was the simultaneous presenta- 
tion of three circles under spatial and 
temporal conditions which made the 
discrimination of a distinguishing 
binary cue (the presence or absence 
of a dot within each circle) difficult 
or impossible for all circles of the set. 
If the duration of the stimulus was 
made long enough, S could, by scan- 
ning the three circles, report accur- 
ately upon the nature of the individual 
circles. Given such an opportunity, 
S could learn that for one of the 
circles the value of the binary cue 
varied, while the values for the other 
circles remained constant over a series 
of presentations. These features of 
the stimulus field, if learned, could 
make it possible to report accurately 
at stimulus durations that precluded 
the possibility of scanning the entire 
stimulus field. 

It was supposed that through such 
an experimental plan, evidence would 
be obtained to determine the ways 
Perceptual responses are acquired by 
providing precise control over the 
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nature of learnable cues and conditions 
of detection. 


METHOD 


Subjects. —The Ss were 168 male college 
students, six in each of 24 experimental groups 
and 12 in each of two control groups. 

Apparatus and procedure—Three circles 
located at the points of an imaginary equi- 
lateral triangle were simultaneously pre- 
sented to.S on a screen 4 X 5 ft. One side 
of the triangle was 30 in. in length, subtending 
at S’s viewing distance approximately 15° 
of visual angle, The outside diameter of each 
circle was 1 in. corresponding to a visual 
angle of 2’ of arc. The discrimination re- 
quired of S was the presence or absence, 
within each circle, of a dot subtending 
approximately 1’ of arc. 

For the experimental Ss all possible com- 
binations of loading and location were used. 
Location refers to the position of the circle 
at the apex of the triangle (Location A), at 
one end of the base to S’s right (Location B), 
and at the other end of the base to S’s left 
(Location C). Loading refers to complete 
presence (positive loading), complete absence 
(negative loading), or random occurrence 
(random loading) of the dot within the circle 
at each location. The nature of the six 
configurations (Cs) presented to experimental 
Ss are as follows: C1 =A +, B—, Cr; C:=A+, 
Br, C—; C; = A-, Br, C+; Ci = A-, B+, 
Cr; Cs = Ar, B+, C—; C = Ar, B-, C+. 

Control Ss observed circles in which the 
presence or absence of a dot was randomly 
determined for each of the three circles. 

For each of the six Cs, four groups of 
experimental Ss received 30, 20, 10, or 0 pre- 
presentations, respectively, of the C at 1-sec. 
exposure followed by 60 presentations at 
-1-sec. exposure. 

All Ss were seated in an armchair to which 
was attached a panel with three toggle 
switches. Each switch had a neutral center 
Position and could be thrown forward to 
indicate the presence of a dot or back toward 
S to indicate the absence of a dot. Small 
ink drawings of circles with or without the 
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dot were placed in the appropriate directions 
for each switch. The switches were mounted 
in a triangular array to provide maximum 
S-R compatibility. 

The experimental room was dimly illumi- 
nated at all times by a single lamp located 
above S. The screen brightness was approxi- 
mately 5 ml. 

The instructions, which were read by E, 
informed S that three circles at the points of 
an imaginary equilateral triangle would be 
flashed on the screen before him and that 
sometimes one or more of the circles would 
containsa dot. A report on all circles was 
required with instructions to guess if unsure. 
No time limit for the response was imposed. 
After recording S’s responses by noting the 
order in which indicator lights came on, Æ 
asked S to return the switches to the neutral 
positions and to get ready for the next 
presentation. 


RESULTS 


The number of errors for each target 
for the prepresentations at 1 sec. was 
obtained for each S. Group mean 
errors at each location for the 36 Ss 
of the experimental groups receiving 
10, 20, or 30 prepresentations and 
for the 12 control Ss who received 
30 prepresentations are given in Table 
1. The same error data for the 
experimental Ss broken down accord- 
ing to the loading characteristics of 
the circles are also presented. 

No errors were observed beyond the 
tenth presentation for any of the 
groups receiving preliminary experi- 
ence at 1 sec. The mean total errors 
shown in Table 1 could therefore be 
considered as data from the first block 


TABLE 1 


Group MEAN ERRORS DURING PRELIMINARY 
PRESENTATIONS AT 1 SEC. 


Location Loading 

Mean 

Group lo | Total 
mee e Errors 

Exp. 10 | 36]1.3/1.1)1.1)1.2)1.2)1.1) 3.5 
Exp. 20 | 36|1.0|1.0|1.0|1.0| 1.0/1.0| 3.0 
Exp. 30 |36|1.1|1.2| .9|1.2|1.0/1.0| 3.2 
Cont. 30 | 12|1.2|1.1|1.0| random 3:3 


MEAN ERRORS PER TARGET 


NUMBER OF PRE- PRESENTATIONS 


Fic. 1. The effect of preliminary experi- 
ence on perceptual performance for six 
“loaded” configurations by experimental Ss 
and an “unloaded” configuration by control 
Ss. 


of 10 prepresentations with 30 oppor- 
tunities for error. It is clear from 
inspection of the table that regardless 
of location, loading, or the total num- 
ber of prepresentations that Ss finally 
received, no systematic variation in 
errors exists. The magnitude of the 
errors was uniformly low, about 10%, 
in every case. 

For the 60 presentations at .1 sec. 
the number of errors for each target 
was obtained for each S. Group mean 
errors per target are shown in Fig. 1. 
The individual curves are distin- 
guished by the particular combina- 
tions of loading at the three locations. 
These combinations were referred to 
earlier as Configuration (C). The 
solid curve of Fig. 1 connects the 
means of the two control groups. 

It is apparent that preliminary 
practice had little effect on the per- 
formance of control Ss. The mean 
for the Control 0 group is 16.92 and 
that for the Control 30 group is 15.11, 
a difference of 1.81 errors, An analy- 
sis of variance for the control group 
data indicated that the reduction 
in errors as a function of number 
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of prepresentations at .1 sec. was 
not significant (F = 1.16, df = 1/44; 
25 <P <.50). The analysis of 
these data also showed that the 
effect of location was not significant 
(F = 2.13, df = 2/44;.10 < P < .25), 
nor was the interaction significant 
(F = .17, df = 2/44; P = <.50). 

The control curve is based on two 
points at the extremes of the range 
of prepresentations, 0 and 30. In- 
stead of running 6 Ss as in the experi- 
mental groups, the number of Ss was 
doubled for the extreme points to 
increase the power of the statistical 
test. Based on the Ss within error 
variance, the number of Ss in each 
group required to detect a difference 
between the Cont. 0 and Cont. 30 
means of 1.81 is 145. 

For the Ss of the experimental 
groups, there is a decrease in errors 
as a function of the variable, number 
of prepresentations. Separate analy- 
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ses of variance were performed for 
the data of the experimental groups 
that had received the same C. Except 
for C3, Number of prepresentations 
was a significant source of variation. 
The Fs for this source in the analyses 
were 4.78, 8.27, 1.23, 5.67, 3.58, and 
4.73, with 3 and 20 df for Cı through 
Cs, respectively. The error variances 
for these analyses were homogeneous. 
The best estimate of the population 
variance for these treatments (36.52) 
was significantly smaller than that 
found in the control group analysis 
(58.80). 

Loading and Location are neces- 
sarily confounded within any given 
configuration. The main effects of 
these variables can be demonstrated, 
however, by summing over Cs. The 
nature of these effects can be seen in 
the curves of Fig. 2. The left hand 
panel of this figure presents group 
mean errors per target as a function 


e Oe, 
L R 
REES N 
PRAN SY 
SRR is. 
NIN ` 
3 2 
SNe 
xo. 
Ce 9c 
ee 
CONTROL = 8) 
LOCATION A 
—:—; LOCATION B 
— — LOCATION c 


300 10 


30 


NUMBER OF PRE—PRESEN TATIONS 


Fic. 2. Changes in perceptual performance as a function of preliminary experience with loading 
as the parameter (left panel) and with location as the parameter (right panel). 
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of the number of prepresentations at 
1 sec. with Loading (regardless of 
Location) as the parameter. In the 
right hand panel of Fig. 2 the same 
data are used to compute group means 
with Location (regardless of Loading) 
as the parameter for the curves. In 
this figure the solid curves are based 
on the same means as the control 
curves of Fig. 1. 

In order to ‘assess the significance 
of the main effects of loading for the 
experimental groups, the data were 
treated as follows. Two latin squares 
were constructed so that the rows 
of the squares exhausted the set of 
six Cs. The first square contained 
the data for those experimental groups 
that received Ci, Cs, and Cs; the 
second square was for Cs, C4, and Cg. 
For each square then, the columns 
represented Target Location ; the rows 
represented Configurations as previ- 
ously defined; and the letters repre- 
sented Loading. It should be empha- 
sized that although these squares were 
constructed, rather than randomly 
selected, together they provide the 
same information as the complete set 
of 12 3 X 3 latin squares. This is 
true because independent groups of 
Ss were randomly assigned to the 
rows. Hence, row permutations of 
any kind cannot influence or bias the 
variance estimate and all possible 
column permutations are contained 
in the six Cs. The variable Number, 
refers to the prepresentations at 1 sec. 
and provides an additional source of 
variation orthogonal to the latin 
square sources. The summaries for 
the separate analyses are presented 
in Table 2. This form for presenting 
the outcome of the statistical treat- 
ment was selected in preference to 
a single combined analysis because 
it provides a comparison of what 
could be considered two independent 
sets of observations, each based on 


TABLE 2 


ANALYSES OF VARIANCE OF ERRORS 
PER TARGET 


Configura- | Configura- 
tions tions 
1,3,5 2,4, 6 

Source df | Square 1 Square 2 


MS F MS F 


5480 | 156.57*|4669 | 155.63% 
467| 13.34*| 478 | 15.33* 


Loading (L) 
Target location (T) 
Configurations (C) 
Square uniqueness 
Number (N) 
NXL 


NXT 


N XC 17 49 21 70 
N XU 25 71 13 AB 
Errori (Ss within) 60; 40 nan 33] — 
Error: (N X Ss 

within) 120) 32 - 28 = 
Pooled error sources | 180) 35 = WS: 
Total 215 

*P <.05. 


the performance of 72 Ss. It should 
be noted that all basic sources of error 
are of the same magnitude. For 
each analysis the insignificant Error; 
(Ss within groups) was pooled with 
the residual error, Errors, to yield a 
single error term appropriate for all 
subsequent F tests. 

The same inferences would follow 
from consideration of either of the 
analyses. The main effects of Load- 
ing, Target Location, Configurations, 
and Number of Prepresentations were 
significant beyond the .05 level in 
both. 

Square uniqueness and the N X L 
interaction were also significant. Fig- 
ure 2 is based on the combined data 
for all six Cs but nonetheless reflects 
accurately the origin of the N X L 
interaction. The curve for positive 
loading (dot always present) as a 
a function of number of prepresenta- 
tions is initially low and remains so. 
The group means are less than two 
errors per target for all levels of 
preliminary experience. The curves 
for the conditions of random and 
negative loading show a sharp and 
reasonably linear decrease. These 
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TABLE 3 


MEAN ERRORS PER TARGET FOR EACH 
CONFIGURATION, LOADING, AND 


Location 
c (H (-) «) Mean 
1 -7 (A) | 11.4 (B)| 15.7 (C)} 9.3 
3 .3 (C) | 22.4 (A)| 15.2 iB 12.3 
5 | 4.1 (B) | 12.1 (C)} 17.9 (A)| 10.3 
Mean vf 15.3 16.3 10.6 
2 v Aa 11.1 (C)| 18.0 (B)| 9.9 
4. | 1.8 (B) | 22.7 (A)| 12.3 (C)| 13.3 
6 1.5 (C) | 11.4 (B)| 16.5 (A) 9.8 
Mean | 1.3 15.0 15.6 10.7 


Note.—Each entry in Table 3 is the mean of 24 Ss, 
six from the four experimental groups within each C, 
Using the pooled error estimates from both of the 
analyses of Table 2 gives a combined value of 32.5 
as the om per experimental unit. The cairr. in the main 


body of the table is given by the expression y2ms/r. 
The computed value is 1.65. A difference as large or 
larger than 3,41 is significant at the ,05 level. 


marked differences in slope give rise 
to the significant interaction term. 

The interpretation of the source 
called Square Uniqueness requires 
special comment. In the usual anal- 
ysis of an unreplicated 3 X 3 latin 
square, the 8 df would be partitioned 
into 2 df each for row, column, and 
letter effects with 2 df remaining that 
may be used as an error term if there 
are no intrinsic interactions. Repli- 
cating a single square, as is the case 
for each of the squares in the present 
study, makes it possible to determine 
whether or not the particular square 
selected contains a unique pattern 
of confounded interaction effects if 
such interaction exists. In squares 
as small as the 3 X 3 one cannot 
suppose that confounded interaction 
effects would tend to cancel as they 
do in the larger squares. The signifi- 
cant Square Uniqueness effects in the 
Present squares, therefore, means 
that there is some form of interaction 
among the variables Loading, Target 
Locations, and Configurations. 

Table 3, which presents the means 


obtained by summing over Ss of all 
four experimental groups receiving a 
particular C, makes it possible to 
account for the significant effect that 
Square Uniqueness indicates is pres- 
ent. In general, positive loading 
yields the fewest errors fo!lowed by 
the condition of negative loading 
with the random loading condition 
producing the greatest number of 
errors. This pattern obtains for Cy, 
Cs, Cs, and Cs. Cs and Cy depart 
radically from this pattern, reversing 
the error magnitudes associated with 
negative and random loadings. More- 
over, the means for the negative 
loadings are the largest in the entire 
table. Cs and C, have one thing in 
common—the negatively loaded cir- 
cles are at Location A, the apex of 
the triangle. 

The preceding analyses indicate 
that without specific instructions to 
do so Ss learn to utilize the cues 
inherent in the loaded fields to im- 
prove the accuracy of their perceptual 
reports. This learning is a function 
of the amount of prior experience with 
the target field. 

Does proficiency of performance 
change during the presentations at 
the .1-sec. exposure even without 
prior experience? Are the rate and 
extent of such changes dependent 
upon amount of prior experience? 

To answer these questions blocks 
of 20 consecutive presentations with- 
in the 60 presentations at .1 sec. pro- 
vided three error measures for each 
S. These measures represent total 
errors for all targets and can take on 
values from 0 to 60 errors. Means 
based on 36 Ss in the experimental 
groups and 12 Ss in the control groups 
are plotted in Fig. 3 as a function of 
the ordered blocks of presentations. 
Number of prepresentations at 1 sec. 
is the parameter. 

Summary tables for the separate 
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analyses of variance for the control 
and experimental groups are presented 
in Table 4. The main effects of 
Number of prepresentations and Con- 
figurations are significant in the case 
of the experimental groups. Number 
is not sigfhificant as a source of varia- 
tion in the control group analysis. 
These main effects have their counter- 
parts in the latin square analyses and 
control group analysis mentioned 
earlier. 

The main effect of Blocks is of 
primary concern in the present analy- 
ses. For the experimental groups, the 
Block effect and the B X N interac- 
tion are significant. Error reduction 
occurs, and does so at a differential 
rate depending upon the number of 
prepresentations, within the 60 pres- 
entations at .1 sec. For the control 
groups, neither the main effect of 
Blocks nor the B X N interaction was 
significant at the .05 level. 

When the number of prepresenta- 
tions at 1 sec. is 0, the sharpest drop 
in errors occurs over the blocks of 
presentations at .1 sec. With in- 
creasing numbers of prepresentations, 
the rate of error reduction within the 
60 presentations at .1 sec. decreases 
as indicated by the slopes of the 
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Fic 3. Changes in perceptual performance 
within 60 trials at .1 sec. for control and 
experimental Ss receiving differing amounts 
of preliminary experience. 


curves for the experimental groups 
in Fig. 3. 


DISCUSSION 


Under the conditions of the present 
experiment, a reduction in errors in 
reporting the state of three simultane- 
ously presented targets occurred. The 
magnitude of the error reduction was a 
function of amount of prior experience 


TABLE 4 


ANALYSIS OF VARIANCE OF ERRORS PER BLOCK 


Experimental Groups Control Groups 
Source 

df MS F df MS F 
Number (N) 3 863.42 | 23.68* 1 58.68 .99 
Configurations (C) 5 136.56 3.75* 
NXC 15 18.40 50 
Error; (Ss within) 120 36.46 4.52* 22 58.80 6.30* 
Blocks (B) 2 291.88 | 36.21* 2 28.35 3.04 
BXN 6 47.32 5.87* 2 7.68 8 
BXC 10 6.34 -19 
BXNXC 30 3.63 AS 
Errore 240 8.06 — 44 9.33 — 
Total 431 71 
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with the targets. This kind of behavioral 
change is considered to be “perceptual 
learning” because the reduction in errors 
depended primarily on stable, and hence 
learnable, properties associated with the 
stimulus complex. Even in the absence 
of preliminary observation where con- 
ditions were favorable to seeing the 
relationships among the stimulus ele- 
ments, error reduction attributable to 
the stable cues took place. 

In what appears to be a relatively 
simple observational task some rather 
complex phenomena emerge. The initial 
supposition on which the experimental 
plan was based was that S would notice 
the stable nature of the positively and 
negatively loaded targets and then select 
for his initial fixation point the area 
in which the randomly varying target 
would appear. In this way nearly per- 
fect performance could be expected, 
Moreover, having seen this solution, S’s 
response patterns should show the sud- 
den, insightful shift typically associated 
with problem solving tasks. Such was 
not the case. Instead, the improvement, 
in general, was slow and incremental 
for the negatively loaded and randomly 
varying targets. The only marked dis- 
continuity was the extremely rapid reduc- 
tion in errors for the positively loaded 
target. This superior performance with 
respect to the positively loaded target 
coupled with the relatively high number 
of errors for the negatively loaded target, 
especially when the latter occupied a 
nonpreferred position in the stimulus 
field, poses a paradox since both elements 
provide the same degree of stability as a 
cue for learning, 

It is evident that a com plete explana- 
tion of the observed relationships will 
depend upon processes other than those 
implied in the original formulation of the 
task. Certainly, Ss will and do acquire 
information about the relationships that 
exist within the stimulus complex. This 
information provides the background 
against which the perceptual responses 
to the complex are made. However, 
even in an arrangement as limited as the 
three binary-valued elements used in 
this study, several additional cognitive 


and response processes must play a role. 

First, consider the habitual ways of 
scanning the stimulus field (Carmichael 
& Dearborn, 1947). When more than 
one element is simultaneously presented, 
attention will be divided, shifting element 
to element if time allows. Depending 
on the internal relationships within the 
stimulus complex, a variety of possible 
perceived relationships could be educed 
as a function of the relative positions 
of the elements. Or what of the effect 
of set? Perhaps a partial description 
of the perceptual learning phenomena 
reported here rests in the establishment 
of perceptual sets akin to the cognitive 
sets in certain problem solving experi- 
ments (Gardner & Runquist, 1958; 
Kendler, Greenberg, & Richman, 1952), 
Of a similar nature is the finding that 
response sets can be established which 
operate in the absence of any physical 
stimulus (Goldiamond & Hawkins, 1958). 
Not unlike the response sets are the 
factors related to S’s criteria for report- 
ing and these, as has been suggested, may 
interact with the more basic variables 
such as intensity which determine the 
probability of seeing (Tanner & Swets, 
1954), 

At present, full-scale investigations 
of various instructional sets and of the 
“probability of seeing” effects on the 
kind of perceptual learning reported here 
are being conducted. Until such a time 
as perceptual theory can bring together 
in coherent sequence the complex proc- 
cesses that generate such behaviors, the 
present data should stand as a caution 
to investigators who elect to present 
tachistoscopically complex figures, words, 
and the like and from such presen- 
tations draw inferences concerning their 
perceptual consequences. 


SUMMARY 


The aim of this study was to determine 
the ways perceptual responses are acquired 
by providing precise control over the nature 
of learnable cues and conditions of detection. 

Three circles located at the points of an 
imaginary equilateral triangle were simul- 
taneously presented to Ss on a screen by 
means of a tachistoscope with instructions 
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to report presence or absence of a dot within 
each circle. Loading refers to complete 
presence, complete absence, or random 
occurrence of the dot at a location. 

For each of six possible combinations of 
loading and location, four groups of experi- 
mental Ss received 60 presentations at .1-sec. 
exposure following either 0, 10, 20, or 30 
preliminary presentations at 1 sec. Control 
Ss observed circles in which the presence 
or absence of a dot in all circles was randomly 
determined. Since conditions were such that 
it was impossible *to observe all circles at 
.1 sec., changes in performance may be 
attributed to experience at the 1 sec. ex- 
posure. 

There was a significant reduction in errors 
as a function of the number of preliminary 
1-sec. presentations under all conditions of 
loading and location. But both location 
and loading influenced the magnitude of the 
error, and there was a significant interaction 
between loading and location. 

Tentative explanations of the obtained 
differential loading and location effects include 
habitual scanning procedures, perceptual 


sets, and subjective criteria used in re- 
porting, 
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ASSOCIATIVE FACTORS IN VERBAL TRANSFER ! 
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In the two decades since the publi- 
cation of Gibson’s (1940) well-known 
analysis of verbal transfer in terms of 
generalization and differentiation, an 
impressive amount of research has 
been directed towards tracing out the 
effects of verbal generalization in 
a wide range of transfer situations. 
These efforts have produced a body 
of results of sufficient breadth and 
uniformity to permit the construction 
of fairly general statements of the 
experimental effects of verbal gen- 
eralization, such as those provided 
by Osgood (1953) and Underwood 
(1949). 

However, comparatively little has 
been done to determine the underlying 
processes responsible for these effects. 
It is generally conceded that verbal 
generalization, aside from that which 
is ascribable to the phonetic or ortho- 
graphic properties of the experimental 
materials, is the result of processes 
quite different from those governing 
primary generalization. Neverthe- 
less, the feeling persists that there 
must be parallels between the two 
phenomena, particularly in regard to 
the roles played by similarities in the 
verbal domain and the physically 
specifiable similarities associated with 
primary generalization. 

It is perhaps for this reason that 
the notion of “meaning” is so often 
invoked in theoretical discussions of 
verbal generalization, because “simi- 
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larities in meaning” apparently pro- 
vide a basis for verbal generalization 
that is analogous to the similarities 
in physical attributes involved in 
primary generalization. 


In spite of the extremely formidable 
logical and linguistic problems that are 
involved in the notion of “similarities 
of meaning,” its use in this context has 
been strengthened by a considerable 
amount of experimental evidence clearly 
relating the degree to which verbal mate- 
rials are judged to be similar in meaning 
to the degree of generalization obtaining 
between these materials. Haagen (1943), 
Morgan and Underwood (1950), and 
Underwood (1951) have all reported 
transfer results in paired associate train- 
ing which indicate that generalization 
effects increase as a function of the 
degree to which words in comparable 
interlist positions are judged to be similar 
in meaning, 

However, the results of these studies 
are possibly contaminated by another, 
uncontrolled, factor in the experiments. 
The experimental variable, degree of 
similarity in meaning, was manipulated 
in all of these experiments by selecting 
words from a set of 400 pairs of adjec- 
tives for which Haagen (1949) had 
collected ratings of degree of synonymity. 
But Haagen also obtained, from a sepa- 
rate group of judges, ratings of the degree 
of associative connection between these 
same word pairs. The correlation be- 
tween the scale values derived from the 
two sets of ratings was -90, which was 
only slightly less than their individual 
reliability , coefficients, Thus, in the 
experiments cited, the generalization 
results can be attributed as much to the 
associative factor as to the similarities 
in meaning, if, indeed, these appear as 
separate factors in these studies, 

Although degree of semantic similarity 
and degree of associative connection are 
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evidently highly correlated, it might be 
possible to manipulate them separately 
because of the considerably broader 
range of interverbal relations covered 
by associative tendencies. The explora- 
tion of this possibility is highly desirable, 
for McClelland and Heath (1943) and 
Russell and Storms (1955) have re- 
ported transfer experiments which sug- 
gest that associative factors may be 
fundamentally involved in the produc- 
tion of verbal generalization. These 
studies both demonstrated pronounced 
generalization effects across paired asso- 
ciate lists containing words in analogous 
interlist positions which were linked by 
associative tendencies, as inferred from 
word association norms, but which were 
not semantically related in any acceptable 
sense. 


The present experiment was de- 
signed to assess the separate and 
combined generalization effects pro- 
duced by the two different interver- 
bal relations in order to provide some 
further information that might lead to 
a clearer conceptualization of the fac- 
tors mediating verbal generalization. 


METHOD 


The strategy of this research required a 
situation that provided a sensitive index of 
verbal generalization, and one in which the 
factors of associative strength and similarity 
of meaning could be separated and their 
effects compared. For this purpose a transfer 
of training situation was selected that in- 
volved the successive learning of two lists 
of paired associates containing identical 
stimulus elements. The basis for the selec- 
tion of this experimental situation is that in 
the successive learning of paired-associate 
lists, each containing the same set of stimulus 
items, but different response items, generali- 
zation between the responses results in posi- 
tive transfer, whereas the lack of generaliza- 
tion results in negative transfer (cf. Osgood, 
1953; Underwood, 1949). Inaddition, parallel 
experiments conducted by Haagen (1943) 
have indicated that this situation is more 
sensitive to generalization effects than those 
in which responses are held constant across 
lists and stimuli varied, or those in which 
both stimulus and response elements are 
varied. 


Materials—With these considerations in 
mind, lists of 12 paired associates were con- 
structed with the same set of words appearing 
as stimulus elements in each. The response 
elements in List 1 were taken from the 
stimulus words used in the Kent-Rosanoff 
free association test. 

Each response element in the other lists 
was related to a given response element in 
List 1 by one of the following three relation- 
ships: Type A elements were highly frequent 
word associates of the List 1 response words, 
but were judged to bear little or no similarity 
to them in meaning; Type S elements were 
very infrequent word associates of the List 1 
response words, but were judged to be highly 
similar to them in meaning; Type C elements 
were control words which were neither asso- 
ciates of, nor judged to be similar in meaning 
to the List 1 response words. 

The measure of frequency of association 
between the List 1 response words and the 
response words in the other lists was ob- 
tained from the frequency with which these 
words appeared as responses to the List 1 
words in the Kent-Rosanoff norms provided 
by Russell and Jenkins (1954), The measure 
of similarity of meaning between the List 1 
response words and those in the other lists 
was obtained from median judgments pro- 
vided by a group of 32 judges not otherwi: 
pariticipating in the experiment. The judges 
were asked to rate each pair of words on a 
four-point scale ranging from a minimum at 
“0” (defined for them as: “no similarity or 
even opposite in meaning”) to a maximum at 
“3” (defined as: “identical or very similar in 
meaning”). 

From a much larger pool of word pairs for 
which these measurements were available, 36 
words were selected which most closely 
matched the properties of each of the Type 
A, S, or C relationships to the List 1 response 
words. (It turned out to be exceptionally 
difficult to discover words which met these 
combined requirements. Evidently, if a pair 
of words in general use is judged to be similar 
in meaning, it is also quite likely that each 
will be evoked by the other in a word associa- 
tion test.) Lists 2, 3, and 4 were then con- 
structed by pairing each of these words with 
the same stimulus word that had been paired 
with their counterparts in List 1, so that 
Lists 2, 3, and 4 each contained four response 
words representing each of the three types of 
interlist relationships. The composition of 
the lists and the type of relation each of the 
response words in Lists 2, 3, and 4 bore to 
the List 1 response words are presented in 
Table 1. 
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TABLE 1 
Composition or Lists AND INTERLIST RELATIONS 


List 2 List 3 List 4 
Stimulus Words List 1 
All Lists Responses 3 
Responses Type Responses Type Responses Type 

BREAD HIGH S LEFT Ç. A 
COLD STEM S FLOWER A Cc 
EAGLE SICKNESS A BROOK C S 
FRUIT QUIE A HAND Ç: S 
HAMMER SOUR SWEET A ACID S C 
JUSTICE DREAM IMAGINE S MARKET G A 
MUTTON LONG SAND Ç SHORT A S 
NEEDLE KING QUEEN A CHIEF S G 
OCEAN BOY NORTH (= LAD S A 
SLOW LIGHT MINE C DARK A S 
TABLE MAN CONTAIN C HUMAN S WOMAN A 
THIRSTY HARD DIFFICULT S SOFT A LITTLE C 


All words were carefully screened to elimi- 
nate any other associative or semantic rela- 
tions within or between the lists, and to 
eliminate orthographic similarities and words 
having low frequencies of usage. 

In order that differences in the extent of 
generalization might be confidently inferred 
from differences in performance in the trans- 
fer task, it would first be necessary to estab- 
lish that such differences in performance 
could not be attributed to intrinsic differences 
in the ease with which different types of pairs 
are learned, irrespective of the effects of the 
prior learning of the related pairs. For 
this reason it was desirable to have different 


groups of Ss learn the lists in two di ferent 
sequences (Sequences I and II) so that the 
subsequent task in one sequence would be 
the same as the prior task in the other se- 
quence. It was also thought desirable to 
investigate the generalization effects produced 
by the various interlist relations in the recall 
of the original pairs. Therefore, the order of 
tasks presented in Sequence I wa learn List 
1; learn List 2, 3, or 4; recall List 1. The 
comparable order in Sequence II was: learn 
List 2, 3, or 4; learn List 1; recall List 2, 
3, or 4, 

However, it should be appreciated that the 


associative relation is not neces ly sym- 
TABLE 2 
PERCENTAGE ASSOCIATION AND MEDIAN RATINGS or SIMILARITY TO List 1 
Response WORDS For Worps 1N EACH TYPE or INTERLIST RELATION 
Association Association Association 

— l Simi- Simi- Simi- 

ite Seq. | Seq. larity eae Seq. | Seq. larity tyre Seq. | Seq. larity 

Hed ert I Ir I I 

DARK 64.2 | 82.2 | 0.53 | Acın 0.2 | 6.5 |1.92| BROOK 0.0 | 0.0 | 0.50 
FLOWER | 39.9] 1.0 |0.84 CHIEF 0.1 | 0.0 |2.38| cLosE 0.0 | 0.0 | 0.52 
GIRL 76.2 | 69.8 | 0.57 | DiFFICULT 0.5 |65.5|3.11| conrarw 0.0 | 0.0 | 0.53 
HEALTH | 37.3 | 24.8 | 0.53 DISEASE 0.1 )19.4)2.44] HAND 0.0 | 0.0 | 0.50 
LOUD 34.5 | 6.7 |0.52| Gay 0.0 | 0.0 |2.07| LEFT 0.0 | 0.0 | 0.50 
Low 67.0 | 64.0 | 0.53| HUMAN 0.3 |36.0 | 1.65 LITTLE 0.0 | 0.0 | 0.50 
QUEEN 74.5 | 71.0 | 0.99 IMAGINE 0.0 | 22.3 | 2.53 MARKET 0.0 | 0.0 | 0.53 
SHORT 75.2 | 33.3 | 0.52 LAD 0.5 |69.1/3.16] mine 0.0 | 0.0 | 0.50 
SLEEP 44.9) 4.7 |0.94| Lorry 0.1 |64.0/2.99] Narrow | 0:0 0.0 | 0.52 
SOFT 66.9 | 44.1 | 0.52 | SILENCE 0.6 | 53.2 |3.27| Norra 0.0 | 0.0 |0.50 
SWEET 56.3 | 43.1 | 0.53 | TALL 0.5 | 0.7|1.82| prove 0.0 | 0.0 |0.53 
WOMAN 76.1 | 61.1 | 0.57 TRUNK 0.7 | 0.01225! sanp 0.0 | 0.0 | 0.50 
Mean 59.4 | 42.8 | 0.63 0.4 | 28.1 | 2.47 0.0 | 0.0 | 0.51 
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metric. That is, the extent to which Word A 
evokes Word B as an association response 
is not necessarily the same as the extent to 
which Word B evokes Word A. Thus it was 
necessary to determine the frequency with 
which the response words in List 1 tended 
to be given as a iation responses to their 
counterparts,in List 2, 3, or 4. This fre- 
quency was inferred from additional associa- 
tion norms collected by Russell and Jenkins 
(1956) and from norms collected by E from 
139 Ss not otherwise participating in the 
experiment. 

Table 2 presents the interlist association 
and similarity properties in both sequences 
for words in each type of interlist relation. 
It can be seen that on the average the proper- 
ties of the interlist relations in the converse 
order (Sequence II) were different from those 
obtaining in Sequence I in that the response 
words participating in the Type S relation 
were characterized by a substantial degree 
of interlist associative linkages, whereas the 
associative linkages between the words of 
Type A were somewhat weaker than those 
in Sequence II. Since of necessity, the simi- 
larity in meaning relation is symmetric, the 
words representing the Type S interlist rela- 
tion in Sequence II combined to a consider- 
able extent the properties of both Type A 
and Type S relations. 

Procedure.—Seventy-two Ss, students in 
an introductory psychology course, partici- 
pated in the experiment, 36 learning the lists 
in each sequence. In order to obtain a meas- 
ure of the effect of the different lists, Ss were 
further divided into three equal groups within 
each sequence, according to the particular 
lists they were to learn during the different 
phases of the experiment. In Sequence I 
Ss in Groups 1, 2, and 3 learned Lists 2, 3, and 
4, respectively, as their second lists, and in 
Sequence II Lists 2, 3, and 4 were learned 
as their original lists by Groups 1, 2, and 3, 
respectively. 

After a short period of pretraining on a 
practice list of nonsense syllable-digit paired 
associates, Ss proceeded to learn two of the 
experimental lists by the anticipation method, 
with instructions to pronounce aloud both 
stimulus and response words on all occasions. 
The materials were presented on a Hull-type 
memory drum arranged so that the stimulus 
words were exposed for 2 sec. and then were 
joined by the response words for another 2 
sec. Two seconds intervened between the 
presentation of each pair, and 8 sec. separated 
successive trials. The 12 pairs in each list 
were presented in five different orders. 

The Ss were instructed to correct all mis- 


takes aloud and to continue practice on the 
lists until all response words had been cor- 
rectly anticipated in a single trial. When 
this criterion had been reached on the original 
list, a shutter arrangement on the apparatus 
was shifted to expose the second list, and after 
a brief period for instructions lasting approxi- 
mately 1 min., practice began immediately on 
the second list and continued until the same 
criterion was met. Then, immediately fol- 
lowing an instructional period of the same 
duration in which Ss were told to recall as 
many of the original responses as possible 
on the first trial, the shutter arrangement 
was shifted back to the original list, and the 
recall test began and continued until all 
responses had been correctly anticipated in 
one trial. 


RESULTS 


Original list learning.—The number 
of trials required to reach the cri- 
terion of correctly anticipating all 
responses in the original lists was 
analyzed for any overall differences in 
the ease with which the lists were 
learned, irrespective of the types of 
interlist relations in which their com- 
ponent responses would subsequently 
participate. The mean numbers of 
trials needed to attain this criterion 
for Groups 1, 2, and 3 in learning 
List 1 in Sequence I were 13.17, 11.83, 
and 12.67, respectively. The groups 
learning Lists 2, 3, and 4 in Sequence 
II required 14.38, 11.92, and 11.00, 
respectively. The differences among 
the group performances on these lists 
cannot be considered reliable (F=.92, 
df = 2/66), nor were the other sources 
of variation significant. 

The total numbers of correct antic- 
ipations given by all Ss in learning 
the original lists in each sequence 
were analyzed for differences among 
the different types of interlist rela- 
tions. Since each list contained words 
from each category, measurements of 
Ss’ performance on them cannot be 
considered independent. Therefore, 
Collier’s (1958) modification of the 
model for the analysis of observations 
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correlated on one dimension presented 
by Kogan (1948) was applied. 

The mean total correct anticipa- 
tions of response words of Types A, 
S, and C, respectively, were 31.69, 
31.89, and 32.39 in Sequence I, and 
32.00, 31.91, and 31.08 in Sequence 
II, and 31.84, 31.90, and 31.73 for the 
two sequences combined. The dif- 
ferences among these means cannot 
be considered reliable, nor were any 
reliable differences found between 
groups or sequences (all Fs < .80), 

However, significant Type X Group 
interaction effects did appear in the 
combined sequence analysis (F=15.11, 
df = 4/132, P <.01) and in the 
analyses of each sequence separately, 
For Sequence I, in which the groups 
were all learning List 1, F = 10.53, 
df = 4/66, P < .01, and for Sequence 
Il, F = 7.08, df = 4/66, P <.01. 
The appearance of this effect, even 
when the groups were learning the 
same list, suggests that it was due to 
the considerable differences in the 

` ease with which individual paired 
associates were learned. In Sequence 
I, the difficult pairs in List 1 were 
variously classified as Types A, S, 
and C, according to the interlist 
relations they would form when the 
groups subsequently learned the other 
lists. These differences in learning 
the individual paired associates were 
Somehow related to the stimulus 
components of the lists, since certain 
pairs sharing the same stimulus words 
were uniformly more difficult to learn 
in all the lists, 
_ This same interaction also appeared 
in analyses of the number of trials 
required to reach the criterion of 
correctly anticipating all responses of 
a given type ona single trial (F=8.82, 


8.34, 8.95, and 9.23 in Sequence I, 
and 8.92, 8.26, and 9.34 in Sequence 
II. Neither these differences, nor 
those due to other sources in the 
analysis, can be considered reliable 
(all Fs < 1.80). Thus any type 
differences in performance appearing 
when these lists were presented in the 
transfer test can be assumed to be 
the differential effect of previous 
learning. 

Second list learning.—The possi- 
bility that the use of Ss’ performance 
in learning the original list as a covari- 
ance control might effect greater 
Precision in the analysis of the results 
of the transfer and recall tests had 
to be rejected, as the regression 
coefficients between original list per- 
formance and the other measures 
were uniformly small and could not be 
regarded as reliably different from 
zero. 

The number of trials required to 
reach the criterion of correctly antici- 
pating in a single trial all responses 
in the second lists, regardless of type 
memberships, was analyzed for over- 
all differences in the learning of the 
lists. For the groups learning List 1 
as their second list in Sequence II, 
9.83, 8.67, and 10.50 trials were 
required, respectively. The groups 
learning Lists 2, 3, and 4 in Sequence 
I needed 10.67, 9.00, and 9.00 trials, 
respectively. These group perform- 
ances cannot be regarded as different 
(F = .58, df = 2/66), nor were the 
other sources of variance significant. 

Differences in verbal generalization 
related to differences in interlist rela- 
tions have typically been found to 
be greatest in the initial stages of 
second list learning and original list 
relearning (cf. Haagen, 1943; Morgan 
& Underwood, 1950; Osgood, 1946, 
1948; Underwood, 1951). Therefore, 
performances on the first anticipation 
trial on the second lists were examined. 
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TABLE 3 
ANALYSIS OF VARIANCE OF PERFORMANCES IN LEARNING SECOND Lists 
Coreg tin | Coes teistins | ests to Criterion 
Source af 
MS F MS F MS F 
Within Ss 144 ; 
Types 2| 31.60 | 43.89** | 753.50 | 48.30** | 71.30 | 10.45** 
Types X Seq. 2 1.85 2.57 173.40 | 10.45** | 34.90 5.12** 
Types X Groups 4 3.72 5.17** | 452:55 | 29.01** | 76.30 | 11.19** 
Types X Groups X Seq. 4 90 1.25 9.98 64 1.10 16 
Error 1 132 72 15.60 6.82 
Between Ss 71 
Sequences 1 1.50 1.35 65.50 16 10.20 30 
Groups 2 2.20 1,98 216.05 52 50.10 1.46 
Seq. X Groups 2 3.05 2.75 117.70 28 30.30 88 
Error 2 66 1.11 418.22 34.31 
** P <01. 


The results of these analyses are pre- 
sented in Table 3. 

A Type X Group interaction effect 
appeared in this analysis as it had in 
analyses of performances in the orig- 
inal learning of these same lists. The 
different types of interlist relations 
were also an appreciable source of 
variation. 

In order to compare the Type means 
in the two sequences, Snedecor’s 
(1956) procedure for testing com- 
parisons among all means was fol- 
lowed, using the variance estimate 
from the combined sequence analysis 
to establish confidence intervals about 
the means. This indicated that all 
differences within and between se- 


quences were significant at the .05 
level, except for the difference be- 
tween the Type A means in the two 
sequences, and the difference between 
the Type A and S means in Sequence 
II, which could not be considered 
reliable. The Type means for each 
sequence are presented in Table 4. 

In order to examine the effect of 
the interlist relations beyond the first 
trials, an analysis of the total correct 
anticipations produced throughout the 
course of learning the second lists was 
performed. In addition, the number 
of trials required to reach the criterion 
of correctly anticipating all words of 
a given type within a single trial was 
also analyzed. The results of these 


TABLE 4 
PERFORMANCES ON WORDS OF EACH TYPE IN LEARNING SECOND Lists 


eo ae a Correct hen Se Trials to Criterion 
Type Sequence I- | Sequence II | Sequence I | Sequence II | Sequence I | Sequence II 
Mean | SD | Mean] SD | Mean| SD | Mean| SD |Mean| SD | Mean| SD 
A 1.97 | .99 | 1.78 .97 | 33.00 | 11.97 | 31.42 | 13.68 | 5.56 | 3.82 | 6.56 | 4.60 
S 1.27 | .94 | 1.56 | 1.23 | 30.39 | 11.08 | 30.78 | 12.71 | 6.64 | 4.34 6.12 | 4.09 
C Be ES 78 .26 | 23.72 | 12.14 | 28.22 | 12.23 | 8.81 | 3.59 | 7.23 | 4.16 
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TABLE 5 


ANALYSIS OF VARIANCE OF PERFORMANCES IN RECALLING AND RELEARNING 
ORIGINAL Lists 


Correct Anli ipations Correct fe cpations Trials to Criterion 
Source df 
MS F MS F MS* F 
Within Ss 144 
‘Types 2} 17.00 | 20.24** 59.60 4.53* 3.34* 
Types X Seq. 2 20 24 4.20 32 31 
Types X Groups 4 6.75 8.04** 94.40 7.18** 7.74" 
Types X Groups X Seq. 4 -90 1.07 6.20 AT aki 
Error 1 132 84 13.15 
Between Ss 71 
Sequences 1 -00 00 00 .00 17.20 1.28 
Groups 2 2.60 1.50 156.10 48 10.90 81 
Seq. X Groups 2 50 129 32.05 10 5.45 40 
Error 2 66 ré 323.31 13.48 
* P <05. 
"Pi 015 


analyses are also presented in Table 3. 

In both analyses the Type effect 
continued to be significant. Again, 
the Type X Group effect appeared in 
each, and the Type x Sequence effect 
also attained significance in these 
analyses. The Type means within 
each sequence in both analyses are 
presented in Table 4. 

Applying Snedecor’s procedure to 
the means of the total correct antici- 
pations produced on all trials revealed 
that all Type differences within each 
Sequence were significant, except for 
that between Types A and S in Se- 
quence II. All Type differences 
between Sequences were significant 
except for those between Type S in 
Sequence I and Types A and S in 
Sequence IT, 

In the analysis of the trials required 
to reach criterion, all differences with- 
in Sequence I were found to be signifi- 
cant, but in Sequence IT Types A and 
S were different from Type C but 
Not from each other. Between se- 
quences, all differences were reliable 
except for those between Type S in 
Sequence I and Type A in Sequence 
I and between the two Type S means. 


Recall and relearning of original 
lists —The relearning of the original 
lists was a comparatively easy task 
for all Ss. The numbers of trials 
needed in Sequence I to reattain cri- 
terion on List 1 were 4.75, 5.00, and 
6.08 for Groups 1, 2, and 3, respec- 
tively, while in Sequence II the groups 
relearning Lists 2, 3, and 4 required 
5.92, 6.17, and 7.50 trials, respectively, 
The differences between these groups 
cannot be considered significant 
(F = .89, df = 2/66), nor were the 
other sources of variance significant. 

The analyses of the number of 
correct anticipations for words of 
each type on the recall trial are pre- 
sented in Table 5. Both Type and 
Type XGroup interaction effects were 
found. Within both sequences Types 
A and S differ significantly from Type 
C, but not from each other. None 
of the Type A and S differences be- 
tween sequences were reliable, but each 
was significantly different from either 
Type C means. The type means 
from both sequences are presented in 
Table 6. 

Performance on relearning the orig- 
inal lists was measured by the total 
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correct anticipations given on all 
trials and by the number of trials 
required to reattain criterion. Anal- 
yses of these performances are pre- 
sented in Table 5. Both Type and 
Type X Group effects appeared in 
each analysis. The Type means in 
each Sequence obtained from analysis 
of both measures of relearning are 
presented in Table 6, 

In the analysis of the number 
of correct anticipations produced 
throughout relearning, it was found 
that, within both sequences, Types A 
and S were both reliably different 
from Type C, but not from each 
other. As in the recall test, none of 
the Types A and S differences between 
sequences were reliable, but each was 
itself significantly different from either 
Type C means. 

The analysis of the number of trials 
required to reach the relearning cri- 
terion in Sequence I indicated that 
the Type A and S means were each 
reliably different from the Type C 
mean, but not from each other. None 
of the differences among the Sequence 
II means were significant. Type A 
in Sequence I differed from all Se- 
quence II means and Type S in 
Sequence I differed from Types A 
and C in Sequence II, but none of the 
other between-sequence differences 
were reliable. 


Discussion 


All analyses of second-list learning and 
first-list recall and relearning clearly 
indicate that associative interlist rela- 
tions are sufficient to produce verbal 
generalization. Indeed, the results of 
the most sensitive test of interlist trans- 
fer indicate that words participating in 
associative relations, irrespective of any 
attendant semantic affinities, were more 
easily anticipated than words linked 
only by semantic relations. This sug- 
gests that associative relations may even 
be a necessary factor in interverbal 
generalization, and that words having 
semantic relations typically yield gen- 
eralization effects only because they are 
usually associated or that they are par- 
ticularly susceptible to being temporarily 
associated, 

If this were so, the manner in which 
associative factors operate might be as 
follows. At the start of learning the 
pairs in the transfer tests, the responses 
most likely to occur upon the initial 
presentations of the stimulus words are 
those which have been paired to these 
same words in the initial lists. But be- 
cause of the establishment of associative 
connections prior to the experiment, 
there exists a substantial tendency for 
these responses, intruding from the 
preceding lists, to evoke the correct 
responses in the transfer tests. Hence, 
these presumably implicit interlist intru- 
sions facilitate the learning of the second 
list, as their occurrences act as mnemonic 
aids to learning the transfer list. 


TABLE 6 


PERFORMANCES ON Worps OF Eacu Tyr. 


¿ IN RECALLING AND REL 


ORIGINAL Lists 


Correct Anticipations 


Correct Anticipations 


Trials to Criterion 


Type 


Recall Trial Trials 
Sequence I | Sequence II | Sequence | Sequence II | Sequence I | Sequence I 
Mean | SD | Mean} SD | Mean| SD | Mean| SD |Mean| SD | Mean] SD 


2.94 | 1.00 | 2.81 |1. 16.28 
2.69 | 1.02 | 2.69 r 


1.92 | 1.16 | 1.96 


avb 
Rho 
NON 


9.27 | 15.86 | 9.81 | 2.86 | 2.00 | 3.78 | 3.06 
16.36 | 9.91 | 16.25 | 9.93 | 3.03 | 1.74 | 3.64 | 3.36 
14.36 | 9.76 | 14.89 | 10.95 | 3:92 | 2.71 | 4.08 | 2.89 
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This formulation has considerable ap- 
peal because it is readily extendable to 
other generalization situations, and be- 
cause thé mediating processes referred 
to are exclusively verbal. Thus, they 
are presumably subject to rather direct 
assessment and manipulation, and require 
no supplementary theoretical treatments 
of semantics or other philosophically 
redoubtable topics. 

In spite of its appeal, this formulation 
of verbal generalization does not seem 
to account for the positive transfer 
found for words participating in the 
Type S interlist relation in Sequence I, 
where the required associative connec- 
tions between lists were apparently 
lacking. However, this failure may not 
be in the formulation itself, but in the 
index of associative connection used in 
this experiment. The strength of some 
of the interlist associative connections 
between the words of Type S in Sequence 
I may have been considerably greater 
in the experimental situation than had 
been inferred from the word association 
test norms. That is, there may have 
been features of the experimental situa- 
tion which produced a temporary in- 
crease in the strength of the interlist 
connections between some of the words 
of Type S sufficient to account for the 
limited positive transfer found. 

A study reported by Storms (1958) 
provides evidence for the possibility that 
temporary supplemental strengthening 
of associative connections does occur 
under conditions similar to this. A list 
of words was read aloud toa group of Ss 
who were told they were to be subse- 
quently tested for their retention of these 
words. The list contained a number of 
words which appeared with very low fre- 
quency as associative responses to a set of 
stimulus words in an association test 
(median frequency was 1%). When the 
association test was administered under 
these conditions, the median net increase 
in responding with the words which had 
recently been heard was 18%. Evi- 
dently, these conditions made the usually 
weak response ‘more available” for 
association. 


The present experiment provides a 


situation in which the strength of some 
of the associative connections between 
the words of Type S in Sequence I, 
although very low under most conditions, 
may have been temporarily supple- 
mented in a manner similar to that found 
by Storms, for on the first exposure to 
the transfer list, Ss were toid to read 
the words aloud and try to anticipate 
them correctly thereafter, This possi- 
bility is empirically meaningful, for it 
may be possible to discover associative 
connections that are not susceptible 
to supplemental strengthening, or to 
Present materials in generalization tests 
which do not provide the conditions 
for supplemental strengthening of weak 
associations. 


SUMMARY 


Transfer and recall of lists of paired asso- 
ciates were compared in situations in which 
the original and subsequent lists had identical 
stimulus words but in which the response 
words were variously related. The response 
words in the different lists were either strongly 
associated but not similar in meaning, highly 
similar in meaning but not associated, both 
similar in meaning and associated, or neither 
similar in meaning nor associated. 

The results indicated that positive transfer 
occurred whenever the words were linked by 
associative connections, irrespective of seman- 
tic relations. Some positive transfer also 
occurred to a lesser extent across words highly 
similar in meaning but only weakly associated. 
It was suggested that the latter result was 
due to a temporary supplementation of some 
of the interlist associations connecting these 
words. 

The results suggested a formulation of 
verbal generalization in which the tendency 
for the occurrence of the generalized responses 
is increased because of their associative con- 
nections to the responses learned in the 
original task. On the basis of this formula- 
tion, generalization between words judged 
to be similar in meaning occurs only because 
associative tendencies connecting them are 
usually present in Ss’ verbal behavior. 
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THE INFLUENCE OF THIRST AND SCHEDULES 
OF REINFORCEMENT-NONREINFORCEMENT 
RATIOS UPON BRIGHTNESS 
DISCRIMINATION ? 


ROY LACHMAN 


Hollins College 


Experimental variations of appeti- 
tional drive states have produced 
assorted behavioral effects, The re- 
sults of research directed toward 
uncovering the relationship between 
drive and discrimination processes 
have been most conflicting (Birch, 
1945; Dodson, 1918; Meyer, 1951; 
Myers, 1952; Tolman & Gleitman, 
1949). This may be due in part to 
certain effects of deprivation time 
(Ta) that interact with other variables 
to produce the behavior observed. 

Limiting our inquiry to brightness 
discrimination tasks, it would appear 
that various drive levels produce 
specific differences in limited aspects 
of the response. For example, an 
increase in T; will result in, among 
other things, an increased rate of 
locomotion, Consider now the effect 
this will have upon other variables: 
faster running results in less delay of 
reinforcement (T,); also faster run- 
ning permits the stimuli to impinge on 
the organism's receptors for a shorter 
period of time Ca hns., a low. 
drive producing slow locomotion will 
result in a longer delay of reinforce- 
ment which may in turn slow up the 


1 This article is based upon a disserta- 
tion submitted to the Department of Psy- 
chology, New York University, in partial 
fulfillment of the requirements for the PhD 
degree. The author is greatly indebted to 
his Sponsor, H, H. Kendler, for his advice and 
encouragement throughout the course of this 
investigation. Thanks are also due M. R, 
D'Amato for technical assistance. The study 
was conducted during the author’s tenure asa 
Samuel S. Fels Fellow. 
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acquisition rate for the choice þe- 
havior. In contrast, the longer- la- 
tencies of low motivation will increase 
the stimulus duration time (7,2) pos- 
sibly resulting in quicker learning 
(Amsel, 1952). The relationship be- 
tween drive level and T, — T, was 
one of the considerations that gener- 
ated a “miniature theory,” the details 
of which are presented elsewhere 
(Lachman, 1960). 

The present study seeks to apply 
the delay of reward, stimulus duration 
interpretation of drive to the learning 
of a difficult discrimination, The 
superiority of high-drive Ss should be 
limited to the learning of easy dis- 
crimination problems where a shorter 
delay of reward is produced by high- 
drive locomotion rates, In a difficult 
discrimination, the duration of choice- 
point stimulation is assumed to be 
critical. Here, the superior delay of 
reward for high-drive and the superior 
stimulus duration interval of low-drive 
might cancel each other. Drive level 
therefore, would produce 
ences in rate of learning. Differences 
in learning rate between high- and 
low-drive groups in a difficult dis- 
crimination should be reinstated if 
the choice-point T, sa level is equated 
for the respective drive groups. 

Control of choice-point T, might 
be accomplished ina Y maze by em- 
ploying transparent doors and a 
starting interval of sufficient duration, 
With transparent doors, gross differ- 
ences might be eliminated in the 
duration during which high- and low- 
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drive groups observe the cue charac- 
teristics of the choice point. A facili- 
tative effect of high-drive should 
occur. If opaque doors are employed 
in a discrimination problem of the 
same high difficulty level, differences 
in learning rate due to drive should 
not occur. 

Comparisons of discrimination at- 
tainment between conditions of opaque 
and transparent doors might be most 
interesting if forced choice training 
is employed. The two types of maze 
door vary the character of choice- 
point stimulation on forced choice 
trials and an empirical interpretation 
might be provided for the forced choice 
training procedure. 

A problem of no minor theoretical 
importance is the relative influence 
of trials terminating with the selection 
of the reinforced and nonreinforced 
discriminanda alternatives. In the 
free response situation, the ratio of 
occurrences of correct and incor- 
rect responses is an uncontrolled 
consequence of S’s behavior. 

During discrimination acquisition 
with a nonpreferred S+ (e.g., the 
reinforcement of responses to the 
brighter stimulus for negatively photo- 
tropic organisms), the proportion of 
R+ responses begins in the neighbor- 
hood of .25 and terminates at unity. 
The initial R+ proportion for a pre- 
ferred S+ is of the order of .75. 
Differences in acquisition with pre- 
ferred and nonpreferred discriminanda 
may involve different learning rates 
(slopes) as well as unequal initial 
habit levels. Stated differently, the 
problem involves the relative influence 
upon discrimination acquisition of 
responses to S+ as compared with 
responses to S—, This problem may 
be investigated by keeping the initial 
habit level constant (employing the 
nonpreferred cue as S+) and varying 


the response ratio (R+ to S+)/ 
(R— to S—) by forced choice trials. 
The investigation thus concerns 
three areas of influence upon discrim- 
ination learning: drive level, choice- 
point cue availability, and the ratio of 
responses to the stimulus alternatives. 


METHOD 


Subjects—The Ss were experimentally 
naive, male albino rats obtained from the 
Blue Spruce Farms. At the start of the 
experiment, they ranged in age from 65 to 85 
days. The results are based on data collected 
from 72 Ss, 6 in a cell. Of the 36 low-drive 
Ss, 4 were replaced owing to failure to run. 

Apparatus—The discrimination equip- 
ment? consisted of completely automatic, 
single-unit Y r s, each possessing three 
identical arms. arrangement permitted 
automatic programing of training conditions 
and dispensed with the handling of Ss be- 
ve trials of the same day. The 
s were completely independent 
and identical in structure, except for opaque 
vs. transparent doors. Self-contained, elec- 
tronic programing devices were available for 
each set of apparatus. The Ss were run two 
or three at a time. The latency and choice 
data as well as the experimental program 
for each S on every trial were stored in “mem- 
ory” equipment. Every 5 sec. a scanning 
device collected the data for each appa- 
ratus and transmitted it to a Clary “print- 
out” which recorded the information on a 
continuous tape. 

At the start of the daily training session, 
S was placed in one of the three arms which 
served, for that trial, as a starting compart- 
ment. One of the remaining two arms con- 
tained S+, the positive stimulus, while the 
other one contained S—. After S made his 
choice and completed the trial, the arm 
which he chose became the starting compart- 
ment for the next trial. The other two arms 
contained S+ and S—. This procedure con- 
tinued until S completed the number of 
trials programed. 

Maintenance (experimental operations for 
the drive concept).—Two levels of water 
deprivation were utilized. High-drive Ss 
were watered for 4 hr. on alternate days, 
15 min. after being removed from the appa- 
ratus. Low-drive Ss were watered for 10 min., 
4 hr. prior to training, and were administered 


? The apparatus was designed by M, R, 
D'Amato (cf. D'Amato & Jagoda, 1960), 
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a second water ration for 1 hr., 15 min. after 
training. Since training took place every 
second day, on nontraining days, low-drive 
Ss were watered for 10 min. followed by an 
additional 1 hr. of water, administered 5 hr. 
later. Food was present at all times in the 
home cage. A temperature of 78° + 3° and 
relative humidity varying between 25% and 
45% were maintained in the living quarters 
and experimental rooms. 

Discrimination training.—A free choice or 
forced response to the bright arm (S+) was 
always rewarded with water; responses to the 
dark arm (S—) were never rewarded. The 
starting stimulus was a flashing light less 
than .2 ft-c in intensity; S+ was a con- 
tinuous light of 1.6 ft-c.; S— 4 ft-c. The 
intervals employed were: stimulus, 10 sec. 
+ .5 sec. ; intertrial, 25 sec. + 2,5 sec. (lights 
out) ; starting, 8 sec. + .5 sec, The water re- 
inforcement duration was 2 sec. + .5 sec., i.e. 
S was permitted to drink for an average of 
2 sec. after making physical contact with the 
water, 

Forced trials were employed to produce 
ratios of correct responses to incorrect re- 
sponses of 3/1, 1/1, and 1/3. This was 
accomplished by programing blocks of 4 
trials, 1 free and 3 forced. One of the forced 
trials was programed as contingent upon the 
free trial; the contingent trial always 
produced a response which was opposite to 
the free trial response. The remaining two 
forced trials were either both positive, or 
both negative, or one positive and one nega- 
tive; the ratios stated were thus produced. 
Since responses to the brighter stimulus 
received 100% reinforcement and those to the 
darker stimulus received 0% reinforcement, 
Ss with a correct/incorrect ratio of 3S+/1S— 
ended each interval of 4 trials with 75% of 
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Fic. 1. The percentage of correct re- 
sponses on free choice trials for forced choice 
response schedule groups. 
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ANALYSIS OF VARIANCE FOR THE NUMBER OF 
Correct RESPON: oN Day 5 


Source af 


Schedules (S) 
Drive (Dr) 
Doors (Do) 

S x Dr 

S X Do 
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S X Dr X Do 
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their training trials to the reinforced arm 
(Group 75%). Likewise, for each block of 
4 trials, the 1S+/1S— and 1S+/3S— ratio 
groups were administered forced choices 
that resulted in 50% (Group 50%) and 25% 
(Group 25%) of their trials, respectively, 
being run to the correct stimulus. On the 
final day of training, all 40 trials were free. 
The final test ‘trials were employed because 
postremity effects were Suspected to be oper- 
ating in the forced trial phase of training. 
That is, the response on a free trial may have 
been influenced by the direction of forcing 
on the immediately preceding forced trial. 
Furthermore, the free trials of the final day 
eliminated the long latencies typically en- 
countered during the terminal stages of 
forced choice training (Spence, Goodrich, & 
Ross, 1959), 

All Ss were given 20 trials on Day 1 and 
40 trials a day on Days 2 to 5. A detailed 
account of forcing procedure and preliminary 
training will be found in Lachman (1960, 
Exp. 2). 

Experimental design—A 2 X2xX3 de- 
sign was adopted: High (H) and low (L) 
thirst drive; transparent (T) and opaque (O) 
maze doors; and three ratios of response, 
3/1 (75% choice of S+), 1/1 (50% choice of 
S+), and 1/3 (25% choice of S+). 


RESULTS 


Figure 1 shows the learning curves 
for the three response schedule groups. 
The curves begin at below-chance 
level because of Ss’ preference for 

— (dark). By Day 4, differences 
are still absent and all groups are 
responding slightly above the chance 
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level. The exclusively free choice 
trials of Day 5 exhibit divergent 
curves, During the terminal 10 trials 
of Day 5, Group 25% is responding 
close to the 90% correct response 
level, Group 75% is performing near 
the 70%. level, and Group 50% is 
between the two. 

Table 1 reports the analysis of 
variance for the number of correct 
responses on Day 5; Table 2 reports 
the individual cell means. The anal- 
ysis produced two significant effects: 
schedules of forced choice responses 
and transparent-opaque doors. The 
average number of correct responses 
on Day 5 is 31.42 for Group 25% 
(i.e. the group trained with 25% 


TABLE 2 


CELL MEANS: THE AVERAGE NUMBER OF 
Correct RESPONSES ON Day 5 


Forced High Drive Low Drive 
Response 
Schedules | T ansparent|Opaque| Transparent| Opaque 
25% 33.5 28.8 34.0 29.3 
50% 31.8 30.0 29.7 23.3 
15% SRZ 23.8 27.8 26.0 


of R+ and 75% of R—), 28.83 for 
Group 50%, and 27.21 for Group 
75%. For transparent and opaque 
doors the correct response averages 
are, respectively, 31:33 and 26.97. 

The differences in learning rate for 
drive levels are not significant. The 
high-drive Ss made an average of 
29.86 correct responses on Day 5, the 
low-drive Ss 28.44. No significant 
interactions were obtained. 

Figure 2 graphically reveals the 
reason for the significant door effect. 
Group T (transparent doors) started 
and remained at a higher level of 
response throughout the training days 
of intermixed free and forced choice 
trials. On the totally free choice 
trials of Day 5, the performance of 
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Fic. 2 The percentage of correct re- 
sponses on free choice trials for transparent 
and opaque conditions. 


Group T continues to improve with 
terminal responses at the 87% correct- 
response level. By the second block 
of 10 trials for the same day, Group O 
levels off at the 70% level and remains 
there until the termination of training. 

Thus the choice data show that 
transparent doors in a combined free 
and forced choice situation facilitate 
discrimination learning and that the 
speed of this learning tends to increase 
with greater proportions of nega- 
tive instances (incorrect, unrewarded, 
forced choices). 

The results for the running data 
are presented in Fig. 3. The per- 
centage of trials completed within 
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Fic. 3. The percentage of free and forced 
trials (Days 1 to 4) and free trials (Day 5) 
run in 2 sec. or less for drive and response 
schedule groups. 
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CELL MEANS: THE AVERAGE NUMBER oF 
TRIALS COMPL 
FOR ALL TRAINING Days 


Forced High Drive Low Drive 
Response 
Schedules 
Transparent| Opaque} Transparent| Opaque 
25% 84.17 | 85.83] 67.67 | 51.67 
50% 110.83 | 94.67) 62.33 | 57.33 
75% 136.00 [122.17] 80.17 | 86.33 


2 sec. is plotted as a function of train- 
ing days. Forced choice response 
groups for each of the drive levels are 
plotted as parameters. Each curve 
represents the running data for 12 Ss 
since transparent-opaque cells were 
collapsed for graphic presentation. 
Figure 3 indicates that rate of running 
increases with the proportion of 
forced choices to the rewarded stimu- 
lus and with drive level. Group H- 
75% improves its locomotion rate in 
a highly accelerated fashion. The 
running time of Group H-50% is like- 
wise facilitated but to a lesser degree. 
Group L-75% is facilitated in running 
speed to a degree that eliminates 
running differences between it and 
Group H-25%. 

Since running times of less than 1 
Sec. were recorded as 1 sec., the large 
number of 1-sec. scores precluded the 
utilization of logarithmic or reciprocal 
transformations. As a result, the 
number of trials completed in 2 sec. 
or less was computed for each S. 
Enumeration data, thus obtained, 
more closely approximated analysis 
of variance assumptions. ‘‘Percent- 
age of trials completed within 2 sec.” 
also provided the best single descrip- 
tive statistic. Correlations computed 
between the 2-sec. trial measure and 
more conventional measures of run- 
ning time were higher than the inter- 
correlations of the conventional loco- 
motion scores (Lachman, 1960, Exp. 1.) 


The running time averages for each 
cell is presented in Table 3. The 
analysis of variance based on these 
data is presented in Table 4. The 
score for each S is based on the total 
number of its trials completed with a 
running rate of 2 sec. or less. Forced 
choice schedules and drive level are 
both highly significant. No inter- 
actions are significant. 


Discussion 


The results here obtained severely 
strain the credibility of the stimulus 
duration, delay of reward, drive model. 
Most damaging for the model are the 
locomotion data. Although both high 
drive and greater proportions of forced 
choice trials to the rewarded stimulus 
markedly accelerate locomotive behavior, 
only the latter influences choice behavior. 
If differences in delay of reward and 
choice-point stimulus duration are 
functionally related to discrimination 
acquisition, then acquisition effects should 
oceur regardless of the ultimate source 
of the differential reward delay and cue 
duration. Response ratio schedules and 
thirst drive have similar effects on run- 
ning rate and presumably upon the delay 
and duration variables; similarities in 
the acquisition of choice behavior should 
result. Clearly, this is not the case. 
Forced choice response schedules influ- 
enced both running time and discrimi- 
nation learning. An increasing propor- 


TABLE 4 


ANALYSIS OF VARIANCE FOR THE NUMBER OF 
TRIALS COMPLETED WITHIN 2 SEc. 


Source df MS F 
Schedules (S) 2 |. 7,374.85 11.40*** 
Drive (Dr) 1 | 26,030.01 | 40.24*** 
Doors (Do) 1 931.68 1.44 
S X Dr 2 737.93 1.14 
S X Do 2 68.34 | <1 
Dr X Do 1 91.13 | <1 
S X Dr X Do 2 582.04 | <1 
Within 60 646.87 
Total 71 
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tion of positive instances (rewarded 
forced choices of S+) increased the 
acquisition of the running response and 
perhaps its asymptote while simulta- 
neously retarding the acquisition of the 
discrimination habit. In contrast, thirst 
level produced no influence upon the 
measure ‘of discrimination learning, al- 
though it significantly influenced locomo- 
tion rate. These findings support the 
conclusion that discrimination learning 
is, to a degree, independent of the con- 
current locomotive behavior and a 
concurrent or multiple habit hypothesis 
may be warranted. 

Asymmetry of forced responses to the 
rewarded and negative stimuli poses 
an interesting problem. Group 75% 
ran three-fourths of its training trials 
to S+. Thus, this group received both 
a greater number of trials and a greater 
number of reinforced trials to the posi- 
tive stimulus as compared with Group 
25%. If a simple reinforcement model 
assumes no influence of negative (non- 
rewarded) instances, then according to 
either a reinforcement or a contiguity 
hypothesis Group 75% should have 
exhibited superior discrimination learn- 
ing. The opposite was observed. It 
follows that neither a simple reinforce- 
ment nor contiguity theory can account 
for this result. The attempt to reduce 
the acquisition rules for discrimination 
learning to a single learning principle 
would appear to involve an oversimplifi- 
cation. Special rules of acquisition ap- 
pear to be necessary in order to account 
for the choice data of discrimination 
learning. In contrast, a simple rein- 
forcement assumption adequately de- 
scribes the acquisition of the running 
response, 

The present observations are con- 
sistent with the results of Denny and 
Dunham (1951) with rats and Cantor 
and Spiker (1954) with preschool chil- 
dren. These two investigations, unlike 
the present study, kept the number of 
positive instances constant and ‘varied 
the number of negative instances. 

The possible aversive effect of nega- 
tive instances is by no means a novel 
formulation and has been considered, 


among others, by Spence (1958, p. 101). 
He postulated fractional antedating frus- 
tration reactions (7;) for nonrewarded 
choice responses. Perhaps an ?%,—r;s 
model is required to account for the 
present data. According to an r,—r; 
theory, the response schedule data 
(superiority of negative instances) would 
be interpreted as demonstrating a steeper 
acquisition gradient for ry as compared 
with the acquisition of rọ That is, 
classical conditioning of an avoidance 
response to the nonrewarded stimulus 
would appear to occur at a faster rate 
than the conditioning of r, to the positive 
stimulus. If the correct choice response 
were assumed to increase in strength 
with higher levels of both r, and ry, the 
superiority of Group 25% would reflect 
the greater degree of conditioning of rz. 
It will be recalled that forced choice 
training was terminated prior to the 
appearance of difference in locomotion 
rate to S+ and S—. On Day 5, all 
trials were free choice. The locomotion 
rates on Day 5 for the several experi- 
mental groups maintain the same rela- 
tive order as on the previous days when 
forced choice training was administered. 
Consequently, the graphic presentation 
and analysis of locomotion rates was 
based on data for all trials; free, correct 
forced choice, and incorrect forced choice. 
Continuing the analysis according to 
Spence's theory, the superior locomotion 
rate of the 75% groups might be inter- 
preted as reflecting a higher quantitative 
level of the intervening variable K. The 
slower running rate for the 25% groups 
could be interpreted as reflecting a 
greater level of J or a smaller relative 
level of K. In either case, the Hull- 
Spence assumption that “locomotion and 
choice behavior are equivalent indices of 
reaction potential” is in trouble. The 
results for the 75% and 25% groups 
indicate an inverse relationship between 
level of discrimination learning and loco- 
motion rate under the initial conditions 
of the present study. Group 75% ex- 
hibited a greater rate of locomotion and 
an inferior level of discrimination learn- 
ing. The reverse was observed for Group 
25%. Actually, separate mathematical 
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expressions are required to represent 
accurately the acquisition of choice and 
of running. 

If we turn for a moment to the thirst 
data, a more serious difficulty arises for 
the hypothesis of locomotion and choice 
behavior as equivalent indices of reaction 
potential. In addition, the thirst data 
require a modification of the Hull-Spence 
assumptions concerning the interrela- 
tions between the intervening variables. 
Drive level produced a highly significant 
effect upon locomotion while at the same 
time producing no observable influence 
upon choice behavior. It follows that 
although the argument, E+ = D X H+, 
is a satisfactory hypothesis for the run- 
ning data, the expression, (E+-)-(E—) 
= (H+)-(H—), is more consistent with 
the choice behavior of the present re- 
search. There is an alternative manner 
by which Hull-Spence theory may accom- 
modate the present effects of thirst. 
The assumptions concerning the coor- 
dinating definitions of D could be modi- 
fied. That is, hunger and thirst manipu- 
lations may be assumed to have different 
influences upon D. This possibility 
warrants serious consideration. 

The results produced by differential 
accessibility of choice-point cues result- 
ing from the opaque and transparent 
doors require some explanation. Dis- 
crimination learning was significantly 
facilitated by the transparent doors. 
The transparent condition permitted 
additional reception of choice-point cues 
during the starting interval and observa- 
tion of stimuli from the unavailable arm 
during the running of a forced trial. 
Thus, the enhancement effect may have 
occurred at either locus. A preliminary 
study (Lachman, 1960, Exp. 1) involved 
transparent doors without forced trials, 
Since the transparent doors did not 
enhance the discrimination in this pre- 
liminary study but did so in the present 
study, the locus of this effect appears 
to be at the choice point during forced 
trials. The argument, H = f(N), might 
be refined so that N is defined not solely 
as the number of training trials but in- 
cludes a term for the proportion of 


stimulus information available during 
training. 

The discussion, thus far, has concerned 
theoretical approaches that include the 
noncorrection training procedure within 
their boundary conditions. | Noncor- 
rection maze learning has generated 
considerable difficulty for Estes’ theory 
(1959, p. 416) especially in relation to 
the effects of nonreinforcement. The 
present results suggest that at least 
early in acquisition, nonreinforced re- 
sponses have important consequences. 
A greater relative increment in the 
probability of R+ occurs after a response 
to S— than after a response to S+. 

With respect to the model that initi- 
ated this research, it must be concluded 
that the model cannot be evaluated as 
true or false (or more appropriately as 
promising or unpromising). It is pos- 
sible that the model is valid but the 
technique (thirst) used to evaluate it is 
not appropriate, The present data 
potently imply that the model may be 
invalid. To clearly demonstrate either 
of these two possibilities, more research is 
needed, perhaps with hunger instead of 
thirst. 


SUMMARY 


A model was proposed to explain the role 
of drive in discrimination learning. An 
experiment designed to test the model was 
conducted with three schedules of forced 
choice responses. That is, discrimination 
training was conducted with three different 
ratios of forced responses to the rewarded 
and nonrewarded stimuli. 

The results and conclusions follow: (a) 
The research failed to produce the outcomes 
predicted by the model. (b) Discrimination 
learning was decreased by a relatively large 
Proportion of forced choices to the rewarded 
cue and enhanced by a greater proportion of 
forced choices to the nonrewarded cue. (c) 
Level of thirst failed to influence the choice 
behavior in discrimination learning. How- 
ever, thirst level exhibited a sizable influence 
upon running behavior. (d) Discrimination 
learning was improved by the presence of 
both relevant cues at the choice point during 
forced trials. 

Several alternative interpretations of the 
results were explored, including the implica- 


BRIGHTNESS DISCRIMINATION 87 


tions for the learning theories of Spence and 
of Estes. 
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GENERALIZATION GRADIENTS IN A DISCRIMINATION 
SITUATION 


DAVID LaBERGE 
University of Minnesota 


The purpose of this study was to 
investigate the shapes of human 
generalization gradients in an effort 
to obtain information basic to a 
formulation of a set-model for stimulus 
generalization. 

Gradients were obtained by first 
training Ss to respond selectively to 
two different stimuli on a metathetic 
dimension (Stevens, 1957), and then 
testing them on new stimuli in the 
neighborhood of the training stimuli. 
The resulting gradients, plotted either 
in terms of relative frequency or 
latency, were expected to resemble 
one side of the traditional generaliza- 
tion gradient (Hull, 1939) which has 
a peak at the training stimulus and 
decreasing slopes on both sides of 
the peak. 

The stimuli employed in the present 
experiments were positions of a small 
light along a vertical dimension. 
Since meaningful interpretations of 
shape characteristics of gradients re- 
quired knowledge of the psychological 
spacing of the stimuli, preliminary 
scaling experiments were carried out 
to determine the optimal range of 
stimuli within the dimension to be 
used for generalization testing. 


METHOD 


Subjects. —The Ss were men and women 
undergraduates from the University of Min- 
nesota, The preliminary scaling experiment 
employed 16 Ss and the generalization experi- 
ment employed 64 Ss in the final analysis, 


‘This research was Supported by a grant 
to the author from the National Science 
Foundation, Equipment was purchased 
through a grant from the Graduate School 
of the University of Minnesota. 
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All Ss were naive with res; 
of this kind. 

Apparatus.—The visual display was located 
14 ft. in front of the $’s chair. The stimulus, 
a rectangle of light 44 in. by 7% in., could be 
positioned precisely along a vertical axis. In 
order to stabilize the perceived position of the 
light in the darkened room, two white 
enameled guide strips, 14 in. by 68 in., ran 
the length of the vertical axis on either side 
and adjacent to the rectangle of light. The 
lower border was 6 in. above the floor and the 
upper border was 76 in. above the floor. The 
position of a stimulus along the dimension 
was designated according to its distance in 
inches from the lower border, Thus Stimulus 
35 was the physical midpoint of the range 
of stimuli bordered by the ends of the two 
white guide strips. Generous use of black 
commando cloth and flat black paint virtually 
eliminated all other visual reference points. 

The E sat behind a light-proof screen and 
adjusted the position of the stimulus with the 
aid of a finely graduated scale. The rectangle 
of light was not illuminated during the time 
when E changed its position, and the room 
was sufficiently dark so that Ss could see the 
rectangle only when it was illuminated. 

A response box was located on a table in 
front of S and contained two levers, 52 in, 
apart, with red reinforcement lamps located 
21% in. above each lever. An ATC timer? 
controlled the exposure times of the stimuli 
and reinforcements as well as all interevent 
intervals. A Beckman counter? measured 
response latencies in .001-sec, units, and a 
Beckman digital recorder printed out auto- 
matically the response latency, response 
alternative, and reinforcement alternative on 
each trial. 

Scaling experiment.—The scaling procedure 
was based on measurement of difference 
thresholds. The simplest technique seemed 
to be'to find a Tange of stimuli over which 
equal physical intervals would correspond to 
equal psychological intervals. The method 
of constant stimuli was used to obtain the 
een 


pect to experiments 


? Automatic Timing & Controls, Inc., 
King of Prussia, Pennsylvania. 

3 Beckman Instruments, Inc., Richmond, 
California. 
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threshold curves around two standard stim- 
uli, 41 and 45, which were near the border of 
a range of stimuli which previous studies had 
indicated as having equal and stable jnd’s. 

‘The procedure was to present a series of 
stimuli, the first of each pair being the 
standard, and the second a variable stimulus 
+2, +1, 0, —1, or —2 in. from the standard. 
The Ss were instructed to determine if the 
second stimulus of each pair was above, below, 
or the same as the first stimulus. The pairs 
were randomized in 30-trial blocks, each block 
containing 6 of each of 5 possible standard- 
variable pairs. Each O was given 8 blocks, 
totaling 260 trials. The two standards were 
assigned to successive pairs of blocks in the 
orders 41, 45, 45, 41 or 45, 41, 41, 45. There 
were l-min. rest periods between each pair of 
blocks, Five pairs of stimuli were given before 
each block to orient S to each new standard. 
There were four different random sequences, 
four Ss to a sequence. The 16 Ss were run 
two at a time, and were instructed to write 
their judgments on a tablet of paper. They 
were also instructed to look down at their 
hands immediately following the second 
stġmulus of each pair in order to attenuate an 
autokinetic-type of effect found when Ss 
focused rigidly on the spot where the last 
stimulus appeared, 

The time relations of the constant stimulus 
experiment were as follows: A buzzer sounded 
for 1 sec.; time between the buzzer and the 
standard stimulus, 1 sec.; duration of the 
standard stimulus, 2 sec.; time between the 
standard stimulus and variable stimulus, 
4 sec. ; duration of the variable stimulus, 2 sec. ; 
time between the variable stimulus and the 
buzzer of the next trial, 4 sec. 

Since the psychophysi curves obtained 
for each of the two standards were virtually 
identical, we may conclude that within the 
range of Stimuli 41-45, and probably even 
within the greater range of Stimuli 39-47, 
equal physical intervals correspond to equal 
psychological intervals. Therefore we may 
reasonably expect to determine shape char- 
acteristics of generalization gradients obtained 
over this range of stimuli. 

Procedure.—For all generalization condi- 
tions Ss were given sufficient training trials 
with two stimuli, Sı and Ss, to bring respond- 
ing at or near asymptote. Then a series of 
generalization test trials to neighboring 
stimuli followed, with training stimuli inter- 
spersed among them to maintain discrimina- 
tion performance at asymptote. Reinforcing 
lights always followed training stimuli such 
that one response, As, was reinforced 100% 
of the time when S; occurred, and the other 


response, As, was reinforced 100% of the time 
when S: occurred. Neither reinforcing light 
followed occurrences of test stimuli. 

There were three discrimination training 
intervals: Stimuli 42-44, 41-45, and 27-59, 
which were labeled the 2-, 4-, and 32-in. 
training intervals. All training intervals 
had a common midpoint, namely Stimulus 43. 
Sixteen Ss were assigned to each of the three 
discrimination conditions and were given 
generalization tests on seven stimuli lying 
between the training stimuli, S, and S». In 
addition, eight Ss were assigned to the 2-in. 
and 4-in. training intervals and were given 
generalization tests to seven stimuli, six 
lying outside the training interval and one 
lying midway between the training stimuli. 

The stimuli were randomized without 
restrictions within blocks of 17 trials. Each 
training block contained eight Sı, eight So, 
and one test stimulus, 43, Each test block 
con! ained five Sı, five Ss, and seven different 


tested at a time, and given 35 
s, totaling 595 trials. The 
blocks were given in five series, seven blocks 
to a series, with 3-min. rest periods between 
each series, The first series contained seven 
training blocks. Subsequent series contained 
an initial training block followed by six test 
blocks. A different sequence of stimuli was 
constructed for each subgroup of four Ss. 
Side of the reinforcing light was counter- 
balanced against Sı and S: within each 
sequence. 

Time relations within a trial were as fol- 
lows: Duration of the stimulus light, 2 sec.; 
time between stimulus and ing li 
1 sec. ; duration of the reinforcing light, 1 sec. ; 
time between reinforcing light and next trial, 
3 sec. 

The Ss were instructed to press a lever 
when a white light appeared in the front of 
the room. They were told that a red light 
above one of the levers would flash to indicate 
which lever they should have pressed on that 
trial. In addition, they were told that 
sometimes no reinforcing light would follow 
a white light and that such trials were to be 
considered as test trials wherein Æ wanted to 
know which lever S thought should be pressed 
on that trial. 


RESULTS AND Discussion 


Discrimination training.—Discrimi- 
nation curves for Ss who learned the 
discrimination and were given gen- 
eralization tests are shown in Fig. 1. 
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Fic. 1. Discrimination curves for Ss over 
all trials, 16 Ss in each group. (The upper 
and lower curves represent responses to 
training stimuli S, and Ss, respectively.) 


The learning criterion was 13 or more 
correct responses in Block 7 of train- 
ing. The data from the 2-in. and 
4-in. groups which were given gen- 
eralization tests to the outside are 
not included here, although their data 
were the same as the 2-in. and 4-in. 
groups which had tests to the inside 
of the training intervals. Data from 
training stimuli of training and test 
blocks were combined in Fig. 1, since 
none of the ¢ tests of differences be- 


tween test and training blocks ap- 
proached significance. There are 
clear separations of the three discrimi- 
nation groups, with an F test of the 
differences among asymptotes being 
significant beyond the .001 level. The 
curves of discrimination learning for 
all Ss, learners and nonlearners, show 
even greater separations, and all 
groups appear to have reached their 
asymptotes by Blocks 5 or 6. There 
is no indication that the obtained 
orderings of group asymptotes will 
eventually reverse, although a reversal 
is predicted by a Markov model of 
discrimination learning proposed by 
Atkinson (1958). Test trials ap- 
parently do not reduce the level of 
discrimination performance as indi- 
cated by testing the differences be- 
tween the last two blocks of the first 
series and the seven blocks of the 
final test series for all groups, includ- 
ing the groups having generalization 
tests to the outside of the training 
interval. 

Generalization tests.—Since we were 
interested in generalization gradients 
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Fic. 2. Individual gradients for the 2-in. training group, where testing was made 
inside the training interval. 
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Fic. 3. Individual gradients for the 4-in. 
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aining group, where testing was made 


inside the training interval. 


only of Ss who learned the discrimina- 
tion, we did not use generalization 
data from the seven Ss of the 2-in. 
condition and five Ss from the 4-in. 
condition who did not learn the 
discrimination in the first seven 
training blocks. 

Individual gradients for each of the 
discrimination conditions are shown 


in Fig. 2, 3, 4, 5, and 6. For these 
curves, each training-stimulus point 
is based on 120 observations, and 
each test-stimulus point is based on 
24 observations. ‘The curves were 
obtained by averaging across all test 
blocks, a procedure justified by the 
observation that series by series com- 
parisons of group generalization curves 
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Fic. 4. Individual gradients for the 32-in. training group, where testing was made 
inside the training interval. 
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FG. 5. Individual gradients for the 2-in, training group, 


where testing was made 


chiefly outside the training interval. 


showed no systematic change. It 
appears that fairly orderly generaliza- 
tion gradients are obtainable on in- 
dividuals under all conditions tested. 
Meaningful interpretations of shape 
characteristics of the gradients are 
justified only in the case of the 2-in. 
and 4-in. inside groups, where the 
test stimuli fall within the range of 
values scaled by the preliminary 
psychophysical experiment. 

A notable feature of the individual 
gradients is their almost linear slopes, 
which might be expected in cases 
where stimuli are equally spaced. 
There is no consistent indication of 
plateaus near the middle of the gra- 
dients, even in the case of the 32-in. 
group. However, a strong case can be 
made for the existence of plateaus 
at either end of the gradients near 
the training stimuli for certain indi- 
viduals who learned the discrimination 
to a high criterion. 


The asymmetry of the 32-in. gra- 
dients is probably due to the fact that 
the midpoint of the vertical dimen- 
sion, namely Stimulus 35, was not 
the midpoint of the 27-59 training 
interval. And verbalizations of „Ss 
confirmed that the dimension’s physi- 
cal midpoint served as a strong refer- 
ence point for most judgments of the 
32-in. condition. 

In the cases of the generalization 
tests to the outside of the S,-S, inter- 
val shown in Fig. 5 and 6, there is a 
shift in the peak response rate away 
from the training stimuli, an effect 
similar to that found in the pigeon 
studies of Guttman and Kalish (1956) 
and Hanson (1959). 

The slope characteristics of the 
group gradients may be compared by 
referring to Fig. 7, 8, and 9. Sta- 
tistical tests of differences in slopes 
were prepared by first computing 
the slopes of a least-squares straight 
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line fit to each S’s data. Because of 
plateau effects near training stimuli, 
some of the points in these. regions 
were not used in the least-squares 
analysis. The criterion for selecting 
points was as follows. Reading the 
graphs from left to right, we took the 
last stimulus point whose response 
proportion was less than .10 and the 
first stimulus point whose response 
proportion was greater than .90, plus 
all stimulus points between these two 


points. The resulting distributions 
of individual slopes had little overlap 
and F tests of differences among 
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TE 1G. 7. Group frequency gradients for the 
2-in. and 4-i training groups, where testing 
was made inside the training intervals. (Each 
curve represents data of 16 Ss.) 


slopes for the three discrimination 
intervals were highly significant. For 
both the 2-in. and 4-in. conditions, 
the mean slopes of the gradients ob- 
tained from testing stimuli inside the 
training interval were significantly 
greater than the mean slopes of gra- 
dients obtained from testing stimuli 
outside the training interval. There 
was also a significant difference be- 
tween the response lever associated 
with the upper and lower training 
stimulus. 

The exact form of the individual 


generalization gradient could not be 
determined from the present data, in 
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Fic. 8. Group frequency gradients for the 
2-in. and 4-in, training groups, where testing 
was made chiefly outside the training interval. 
(Each curve represents data of 8 Ss.) 


spite of efforts to provide careful meas- 
urements of stimulus spacings for the 
2-in. and 4-in. groups. The difficulty 
stemmed from the fact that all curves, 
including individual curves, were aver- 
ages of more basic gradients. The 
sigmoid shape of the group curves of 
Fig. 7 can be obtained from averaging 
linear curves which have plateaus of 
varying length near the training stimuli. 
And similarly, an individual gradient 
would assume a sigmoid shape if fluctua- 
tions in acuity during the testing series 
produced plateaus of varying length. 
Until a method is found for obtaining 
generalization gradients under rigidly 
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gradients for the 32-in. training group, where 
testing was made inside the training interval. 
(Response A; was reinforced when S; ap- 
peared and response A» was reinforced when 
Se appeared. Each curve represents data of 
the same 16 Ss.) 
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constant conditions, the determination 
of the exact shape of the generalization 
gradient will remain an elusive prize. 

Group latency gradients plotted within 
the training interval indicate a mono- 
tonic increase in latency as the test 
stimulus is removed farther from the 
training stimulus, with the curves of 
Fig. 9 representing the poorest orderings 
obtained. All other group gradients are 
much more orderly, showing the same 
crossing of the two response curves such 
that the incorrect response is always 
slower than the correct response. For 
the cases where tests were made outside 
the training interval, the group curves 
continued their monotonic form over 
the range of outside test stimuli, with 
the fastest latencies being associated 
with the test stimuli outside the training 
stimuli. 


SUMMARY 


Sixty-four Ss were given 119 trials on a 
discrimination problem involving two differ- 
ent positions of a light on a vertical dimen- 
sion, Following this they were given 476 
trials made up of (a) generalization tests to 
neighboring stimuli along the dimension; and 
(b) further training trials with reinforce- 
ments to maintain asymptotic discrimination 
performance during testing. 


Individual and group frequency general- 
ization gradients were fairly orderly. The 
magnitude of the interval between training 
stimuli had a highly significant effect upon 
the slope characteristic of the gradients. 
Peaks of the gradients were shifted toward 
the outside of the interval between training 
stimuli whenever response rates to the train- 
ing stimuli were below maximum. Group 
latency gradients indicated similar monotonic 
orderings under all conditions. 

Discrimination asymptotes were ordered 
in the expected way with no appreciable 
change in asymptotic level over the generaliza- 
tion test trials. 
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SUPPLEMENTARY REPORT: EFFECT OF PRACTICE ON AN ILLUSION * 


DOROTHY RETHLINGSHAFER 


University of Florida 


In a recent study, Rechtschaffen and 
Mednick (1955) found that Ss in darkness 
would experience autokinetic movement that 
reflected the suggestion that a pinpoint of 
light would write words. Wide individual 
differences were noted, but no practice effects 
were studied. The present investigation is 
an attempt to determine the practice effect, 
if any, in the autokinetic illusion when Ss 
are given the instructions that the light will 
write English letters and words. 


Method.—The Ss in the major experimental group 
were 40 male college students (age range = 17 to 28 yr). 
Nine men and two women from the same population 
were used in a control group. 


Each S was tested on three 20-min. sessions on differ- 
ent days, During the first 10 min, of each session Ss 
were told that the small pinpoint of light would write 
letters, A rest period, approximately 5 min., was given 
before a final 10 min. when Ss were told that the light 
had been rearranged so that it would write words. 

After first determining whether the illusion of move- 
ment was perceived, the first instruction was given: 


The first 10 min. part of the test will be essentially 
this: the light has been set up so it will trace the 
outlines of the letters of the alphabet. The letters 
will vary in size, and will be given in continuous 
series, with no breaks between them, As soon as you 
can make out the letters, or distinguish what they 
are, report them to me as you go along. There will 
be both capital and lower case letters given in manu- 
script form just as though I were writing them on a 
blackboard for you to read. Okay? 


After the rest period, the following instructions were 
given: 


The second part of the test is essentially the same 
as the first, with the exception that the letters have 
been arranged so that words will be spelled. We 
aren't accustomed to using individual letters in 
reading, writing, or in speaking; for this reason it is 
believed that it will be easier for you to group the 
letters into familiar words, rather than to break the 
series into individual letters. There will be no breaks 
between words, so this is primarily a test to see if you 
can tell when one word is complete and another 
begins. If you make out some of the letters and miss 
some, you may be able to guess the whole word by 
the order in which the letters are given. As soon as 
yu pave completed the word tell me what it is. 

ay 


The Ss were seated in a dark room, approximately 
12 ft. from the pinpoint of light. The E sat near the box 
from which the light was emitted and recorded re- 
sponses. A luminous dial watch was used to record 
time. 

The data reported were obtained from two groups. 
In Group 1, Ss made their reports in Sessions 1 and 2 
alone and in Session 3 with another S. In Group 2, 
Ss were with another S in Sessions 1 and 2, and alone in 
Session 3, 

Ten control Ss were tested alone with the same 
instructions as used in Session 1, but no pinpoint of light 
was present. No control S reported perceiving letters 
or words. Five reported slight pinpoints or “flashes” 
of light which disappeared when attempts were made 
to focus upon them. The results are reported only for 
the experimental Ss. 


1 This study was reported, in part, at the September 
1957 meeting of the American Psychological Association. 
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Results.—The experimental Ss increased in 
the frequency of their reports throughout the 
three sessions. Practice affected the perceiv- 
ing of the autokinetic illusion in the particular 
form induced by the suggestion given. As 
seen in Table 1 there was a greater frequency 
of responses in Session 2 as compared with 
Session 1. This was true for the reports of 
both letters and words, and for both groups. 
Except for reports of letters by Group 1, 
there was a further rise in frequency of re- 
sponses in Session 3. Tests of significance 
of the mean differences indicated that the 
increases from Sessions 1 to 3 were statistically 
significant (P <.05) except for Group 1 
in their reports of letters. For Group 1, the 
rise in frequency of reports of letters from 
Session 1 to Session 2 was significant (P <.05), 
The between-sessions F was significant at 
beyond the .01% level for both groups on 
words and letters except for the Group 1 
words measure, which was significant at 
beyond the .05 level. 

The number of responses of letters was 
1005 with all letters of the alphabet being 
reported. The letter most frequently per- 
ceived was e, with mand o being next. There 
were 238 words perceived, most of them being 
fairly simple and short words as: the, be, of, 
all, etc. Almost half of the words were 
reported only once, with a few of these being 
individual, such as, Robert, nonsense, bombs, 
etc. Some Ss accepted the directions readily. 
They also shifted easily from the set to 
perceive letters to perceiving words, At 
the other extremes were Ss who questioned 
the instructions. They gave few responses 
and with qualifications. 

Certain Ss repeated the same responses; 
others experienced unusual “writing,” such 
as perceiving the letter as being written on 
its side, or as movement from left to the 
right, making the writing difficult to perceive. 

It is important to note that Ss must ac- 
cept the suggestion that the light is writing. 
When graduate students were used as Ss in a 
preliminary study, the number of responses 
were few or nonexistent. The Ss used in this 
report were naive in respect to the illusion 
but some were more critical. than others of 
the suggestion that the light was writing. 

In this study, the particular form of the 
illusion was induced in Ss from the instruc- 
tions given by E. As in the Atkinson and 
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TABLE 1 
EFFECT OF PRACTICE ON AN ILLUSION 


Letters 


Words 
Session Group 1 Group 2 Group 1 Group 2 
Mean SD Mean SD Mean SD Mean SD 
1 8.10 5.46 5.35 3.29 1.55 2.01 1.00 1.35 
2 11.55 9.59 715 2.85 1.70 1.82 2.25 1.93 
3 9.95 7.87 8.15 4.05 2.70 2.28 2.70 2.19 / 


Ammons (1952) study, practice seems to 
affect the stability of a perceptual organiza- 
tion when it is set up by external directions. 
However, it is possible that practice also 
affects perceptual organizations when some 
particular directional set is adopted by S 
himself, either by conscious self-instructions 
or by sets carried below his level of awareness. 
In this way, perceptual “habits” may be 
strengthened below the level of awareness. 
‘The ambiguous world, or those aspects of it 


which are most ambiguous, would thus by 
practice be perceived in an individual manner. 
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PAIRED-ASSOCIATE LEARNING AS A FUNCTION 
OF SIMILARITY: COMMON STIMULUS AND 
RESPONSE ITEMS WITHIN THE LIST 


TAKAO UMEMOTO! anp ERNEST R. HILGARD 


Stanford University 


Although in serial learning the same 
item serves as both stimulus and re- 
sponse, when a paired-associate list 
is arranged in comparable fashion 
(e.g., A-B, B-C, C-D, etc.), learning 
is more difficult than in simple serial 
learning (Primoff, 1938). It has been 
found, further, that familiarity with 
the items as a result of prior serial 
learning facilitates the learning of a 
specially constructed paired-associate 
list in which the same items appear 
as stimuli and as responses, but this 
facilitation is lost when the list is 
half-mastered (Young, 1959). The 
interferences that account for the 
difficulties within such paired-asso- 
ciate lists have been attributed by 
Primoff and by Young to backward 
association, an interpretation coherent 
with the findings of Murdock (1956) 
and Feldman and Underwood (1957). 

In the two experiments to be re- 
ported we manipulated the similarity 
between stimulus and response items 
in a manner to demonstrate circum- 
stances under which the phenomena 


1 Now at Kyoto University, Japan. The 
experiments were performed while a visiting 
scholar at Stanford University, 1959-60. 
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shown by Primoff and by Young are 
likely to be found, and some circum- 
stances under which they will not be 
found. Such manipulation has been 
done in somewhat different contexts 
by Underwood (1953a, 1953b, 1954) 
and by Morikawa (1959b). While 
there are several possible approaches 
to the manipulation of S-R similarity 
in paired-associate learning, we have 
chosen to take the approach in which 
similarity between S and R is con- 
trolled by the number of items in 
common between S and R. 


EXPERIMENT I 


In Exp. I, paired-associate lists were 
constructed with three degrees of S-R 
similarity: complete similarity, in which 
all S items appear as R items; half simi- 
larity, in which half the S items are 
found as R items, the other S and R 
items all being different; complete dis- 
similarity, in which all S items and R 
items are unlike. 

What kind of effect can be expected 
in such a situation? Two contradictory 
outcomes appear plausible: 

1. The first hypothesis can be stated 


as follows: the more common items there 
are, the more competitive and conflicting 
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TABLE 1 
Lists USED IN EXPERIMENT I 


List 1 List 2 List 3 
BAF-JOC BUF-RAQ BEF-SUC 
DEX-SIV CAG-MUZ CIM-ROX 
JOC-WEY DOX-FID DAT-FEN 
LIG-HOK LIY-JOW JUP-HIB 
PUM-DEX WER-CAG KIR-JAD 
HOK-BAF SOK-BUF WOV-ZEK 
WEY-LIG QAL-DOX TOG-PIQ 
SIV-PUM MUZ-HEV HAC-LUV 


responses will occur, hence more trials 
will be required for mastery. When S 
tries to learn a pair A-B in a list, and 
there is another pair C-A which has a 
common item as its response, a backward 
association, that is the association A-C, 
will also be acquired. Hence when the 
stimulus item A appears, there might 
be a competition between A-B and A-C, 
thus increasing the difficulty of learning. 

2. The second possible hypothesis is: 
The ease of learning a list is inversely 
proportional to the number of different 
items in the list. Thus the list with more 
common items will have fewer different 
items to be acquired, and may lead to 
more rapid learning. 


The first experiment tests these hy- 
potheses, and should permit a choice 
between them. They are not mutually 
exclusive, but one effect should be 
Stronger than the other, even if both 
effects are found. 


Method 


Lists—Three experimental lists and one 
Practice list were used. Each experimental 
list consisted of eight pairs of nonsense 
syllables, having a Glaze (1928) association 
value of 73%. The three lists are given in 
Table 1. 

In List 1, each of the eight syllables is used 
both as Sand R. In List 2, half of the eight 
syllables used are in common to S and R, so 
that there are 12 different syllables in this 
list. In List 3, none of the eight syllables is 
repeated, so all 16 syllables are different. In 
these lists similarities within the S and R 
items were equalized as well as possible. Some 
Tepetition of vowels is inevitable but each 
consonant and vowel appears no more than 
twice in the stimulus or the response side of 


these lists. In pairing syllables also an at- 
tempt was made to avoid any apparent con- 
nection between them.? The practice lists 
consisted of three pairs of nonsense syllables, 
with association values of 100% in Glaze's 
table. 

Conditions and Ss—Three groups of eight 
Ss served in this experiment.’ All Ss were 
students in introductory psychology at Stan- 
ford University, and all were naive with 
respect to verbal learning in the Laboratory. 

After general instructions to memorize, Ss 
were told: 


+. + pairs of nonsense syllables will be 
presented in the window of the memory 
drum, such as JIN-TAK, etc. The presenta- 
tion time for each pair is 2 sec. Then the 
recall trial will begin in which the stimulus 
syllable on the left side is presented, such as 
JIN. You must recall the other item which 
was on the right side. . . . The order in 
which the syllables are presented varies 
from trial to trial... . Please spell out 
loud the correct answer (only) in the recall 
trial, e.g., TAK. Since the time allowed for 
recall is only 2 sec. please answer as quickly 
as possible. If you cannot remember the 
syllable, you may guess or keep silent, just 
as you wish. The learning trials and recall 
trials will alternate until you are able to 
remember all the items. There are two 
kinds of lists. The first is for your practice 
and composed of only three pairs. The 
second list is the main list, which is com- 
posed of eight pairs. Do not be in too 
much of a hurry to succeed. University 
students usually need 40 or more trials to 
memorize a list of eight nonsense pairs. 


Lists were presented on a memory drum 
at a 2-sec. rate, with a 4-sec. intertrial interval. 
The learning trials and recall trials were 
alternated. The serial orders of the stimulus 
syllables were changed in each learning trial 
and in the recall trials in order to minimize 
serial learning. 

The S learned the practice list to one error- 
less trial, then learned the experimental list 


? There is one unintentional peculiarity 
in the construction of List 2 that may be 
noted. While half the S items recur also as 
R items, in only one pair (CAG-Muz) are both 
members of a pair repeated in other parts of 
the list. This produces an unfortunate 
asymmetry in design. Because this relation 
is universal in List 1 (all items appearing 
both as S and as R) any contrast between 
results in Lists 1 and 2 cannot be attributed 
to the CAG-MUZ pair in List 2, 


‘a 
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to one errorless trial, after which S was asked 
to make a backward recall. The response 
syllables typed on cards were presented to S; 
he was asked to write down each stimulus 
syllable previously attached to the response 
syllable. Ten seconds were allowed to recall 
each stimulus syllable in this test. The Ss 
were not informed beforehand about the later 
backward recall. 


Results 


The mean numbers of trials re- 
quired to memorize the three pairs 
in the practice list were 3.38, 3.50, 


and 4.13 for Groups 1, 2, and 3, 
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SUCCESSIVE CRITERIA 
(ITEMS MASTERED) 


Fic. 1. Mean number of trials to succes- 
sive criteria (Exp. 1). (List 1 has all items 
common to both S and R, List 2 has half of 
the items in common, List 3 has none in 
common.) 


respectively. The differences between 
the scores are not statistically signifi- 
cant (F = 0.46, df = 2/23). 

The mean numbers of trials to 
reach successive criteria on the three 
experimental lists are shown in Fig. 1. 
In terms of the number of trials 
required to reach 8/8 correct re- 
sponses, List 1 is most difficult and 
List 3 is easiest (F = 19.25, df = 2/23, 
P = .01). However, Fig. 1 also shows 
that in the early stage List 2 is rather 
more difficult than List 1. After the 
stage of 50% learning (4/8 criterion) 
the success with List 1 is delayed 
as shown by the rising curve. The 
learning process is somehow inter- 


TABLE 2 


Mean CUMULATIVE Errors IN EARLY AND 
LATE STAGES OF LEARNING 


r Si Y Si II 
List | ¥ | (9.50% Learning)| (50-100% Learning) 
1 8 27.15 141.25 
2 8 57.63 62.50 
3 8 28.50 30.13 


rupted when the list is half learned, 
in agreement with Young (1959). 
This disruption is evident also when 
the average number of errors per list 
is similarly plotted. Table 2 shows 
the cumulative errors in the first 
half stage and later half stage. An 
analysis of variance based on this 
error score is shown in Table 3. The 
differences are significant not only 
with reference to List and Stage, 
but also in the interaction of these 
two variables. 

The individual data for List 1 show 
that learning develops smoothly at 
the first stage and Ss easily reach the 
criteria of 4 or 5 out of 8 items. 
Thereafter almost every S suddenly 
shows confusion. They need a num- 
ber of trials to acquire even one more 
correct response. This is also evident 
in the types of errors made (Table 4). 
The Ss who learned List 1 not only 
show an extraordinarily high propor- 
tion of overt errors (51% vs. 23% 


TABLE 3 


ANALYSIS OF VARIANCE OF ERRORS FOR 
STAGES OF LEARNING (Exp, I) 


Source df MS F 
Between lists (L) 2 | 12,288.9 | 12.62* 
Between Ss in same 

group 21 973.9]. —. 
Total between Ss 23 
Between stages (S) 1 | 19,280.1 | 31.55* 
SXL 2 | 16,340.9 | 26.73* 
Pooled Ss X S 21 611.2] = 
Total within Ss 24 
Total 47 

*P <.01. 
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TABLE 4 
Errors CLASSIFIED BY TYPE 


Overt Errors 


i N Total 

a ETR Rael ENS 
Associations | Other 

1 8 51.2 34.0 83.8 | 169.0 

2 8 3.6 20.8 95.7 | 120.1 

3 8 0.0 12.0 | 46.6 58.6 


and 20% for Lists 2 and 3) but also 
show a predominance of errors classi- 
fied as backward associations on the 
basis of possible mediation by com- 
monitems. The difficulty experienced 
by Ss learning List 1 in overcoming 
their trouble in the middle of the 
process was striking. To fill the 
most difficult gap (between the fourth 
and fifth, or fifth and sixth item 
recalled) took at least 15 trials for 
every one of these 8 Ss. Only one of 
the remaining Ss took that long. 
This effort to gain one item in recall 
required for List 1 Ss more than a 
third of their total trials to mastery. 

These deadlocks with List 1 almost 
always originated in perseverative 
repetition of wrong responses, which 
were mediated by common items in 
Sand R. If there were A-B and B-C 
pairs in a list, and if Ss learned A-B 
at first, it happened quite often that 
they responded B-A instead of B-C 
when B was later presented. Such 
a backward association mediated by 
common items in S and R is probably 
one of the interference sources in this 
situation, as proposed in our first 
hypothesis. 

The mean numbers of correct re- 
sponses in backward recall were for 
List 1, 5.38, for List 2, 5.75, and for 
List 3, 3.13. The prevalence of back- 
ward recalls in Lists 1 and 2 suffices 
to make our hypothesis plausible. 
The fact that there were about an 
equal number for the two lists is 
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immaterial, for the opportunity to 
interfere is twice as great for List 1 
as for List 2. The relatively lower 
number of backward recalls for List 3 
calls for a comment. The backward 
associations tend to develop with 
fully practiced responses, as proposed 
by Umemoto (1951) and Morikawa 
(1959a). Because there was much 
less overlearning of the items of List 
3 than of the items of List 1 and 2, 
the lower number of backward associa- 
tions within List 3 is understandable. 


The results thus give support to our 
first hypothesis. The relationship be- 
tween our results and the second hypoth- 
esis is more complex. It was proposed 
that the fewer different items there were 
the easier the learning might be. There 
is some slight support for this hypothesis 
in the early trials, in which List 1 is 
easier than List 2, but List 3 is never at a 
disadvantage, and the hypothesis is 
clearly contradicted later in learning. 
We shall return to an interpretation of 
these findings after reporting Exp. II. 


EXPERIMENT II 


The results of Exp. I have been tenta- 
tively explained by the competition 
between right and wrong associations 
in Lists 1 and 2 which seem to have 
been mediated by backward associations. 
However, mediated backward associa- 
tions need not always produce inhibition. 
If, for example, the mediated responses 
are the same as the correct response 
these mediated responses may facilitate 


TABLE 5 
Lists USED IN EXPERIMENT II 


List 1 List 2 List 3 


YAv-perfect. 


YAV-perfect 
noonday-GIp 


yay-perfect 
noonday-GIp 


noonday-GID 


zot-clumsy zoT-vacant zot-clumsy 
empty-KEB empty-KEB empty-KEB 
Gip-midday | Gip-midday | Grp-vacant 
faultless-vav | faultless-yAv | awkward-yAV 


KEB-vacant 


KEB-clumsy | KEB-midday 
awkward-zor 


awkward-zor | faultless-zoT 


f 
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learning instead of interfering with it. 
When the mediated responses are quite 
different from the correct ones, we would 
expect competition, asin Exp. I, Experi- 
ment I controlled the possible frequency 
of mediated responses by adjusting the 
number of common items between S and 
R, and all the mediated responses (if 
any occurred) were incorrect. In Exp. 
II the possible frequency of mediated 
responses remained the same for all 
three lists, but the relation of the medi- 
ated responses to the correct response 
differed; that is, the items of the three 
lists were all alike except that the lists 
were so constructed that some backward 
associations would facilitate, some inter- 
fere. Thus any differences in results 
are unlikely to be attributable to the 
number of mediated backward associa- 
tions, although they may be due to 
the arrangement whereby the mediated 
response is inhibitory or facilitating. 


Method 


Lists —Three experimental lists and one 
practice list were used. Each of the experi- 
mental lists consisted of eight pairs of items, 
in every case a nonsense syllable paired with 
an adjective. Four out of eight pairs in each 
list had nonsense syllables on the stimulus 
side and adjectives on the response side; the 
remainder were in the reverse order. The 
nonsense syllables were all of low association 
value (Glaze 13%). The adjective pairs 
were taken from the Melton and Safier table 
(Hilgard, 1951), all from the 10 pairs highest 
in similarity. The three lists are given in 
Table 5. 

As shown in Table 5, the three lists all 
have the same components, but differently 
paired. In List 1, each member of the four 
pairs of similar adjectives was connected 
to the same nonsense syllable, one member 
of the pair on the stimulus side, one on the 
response side, for example: noonday-G1D, 
cīD-midday. In List 2 this arrangement 
holds only for two pairs of adjectives, while 
the other two similar adjective pairs are 
connected to unlike nonsense syllables. Thus 
“faultless” and “perfect,” “noonday” and 
“midday” have the same syllable for each 
member of the pairs, while “awkward” and 
“clumsy,” “vacant” and “empty” have dif- 
ferent syllables. Two dissimilar adjectives, 
however, are paired with a common syllable 


101 


(empty-KEB, KEB-clumsy). In List 3 similar 
pairs were in no case connected with the same 
syllable. As before, different orders of presen- 
tation were arranged for each list. In these 
arrangements an attempt was made to avoid 
presentation of the same item (whether syl- 
lable or adjective, stimulus or response) twice 
in succession. The practice list consisted of 
three pairs of nonsense syllables and meaning- 
ful nouns, avoiding transfer effects which 
might have been caused by using adjectives 
in the practice list. 

The conjecture being tested is that the 
mediated responses based on backward asso- 
ciation in List 1 will be facilitating, those in 
List 3 will be inhibiting, and those in List 2 
will fall between. Thus we would expect 
errors of recall in increasing order from List 1 
to List 3. 

Conditions and subjects. —Groups of 11, 12, 
and 13 Ss, comparable to those used in Exp. 
I, served in Groups 1, 2, and 3, respectively. 
Essentially the same instructions as in Exp. I 
were used. A substitute for the memory 
drum was improvised from a copy holder 
used in typing (Remington-Rand Line-a- 
Time). All lists, including the practice one, 
were printed on a paper fastened to the copy 
holder. The copy holder was covered with a 
panel board having a narrow slit window 
(4 in. by 24 in.) through which the stimulus 
was presented. The exposures were made 
manually, the rate being controlled by a click 
from a 2-sec. interval timer. Exposure time 
was 2 sec., and 2 sec. elapsed between trials. 
The learning proper took place after the short 
practice session and was followed, as before, 
by backward recall from the response items 
typed on cards. 


Results 


The mean number of trials required 
to memorize the three pairs composing 
the practice list was 4.15, 4.50, and 
4.55 for Groups 1, 2, and 3, respec- 
tively. The differences between these 
groups were not significant (F=0.29, 
df = 2/35). 

The mean number of trials to reach 
successive criteria with the lists is 
shown in Fig. 2. The mean number 
of trials to reach a criterion of one 
perfect trial is significantly different 
among lists (F = 5.07, df = 2/35, 
P = .05). In terms of ¢ ratios, there 
were significant differences between 


30) ec Ls tent . 
o List 2 (Nele) 
List 3 (N13) 


2s) 


MEAN NUMBER OF TRIALS 
5 


SUCCESSIVE CRITERIA 
(ITEMS MASTERED) 


Fic. 2. Mean number of trials to succes- 
sive criteria (Exp. II). (In List 1 both mem- 
bers of similar adjective pairs are associated 
with the same nonsense syllable, in List 2 
half the pairs have both members associated 
with the same nonsense syllable, in List 3 
no similar adjective pair has its members 
associated with the same syllable.) 


Lists 1 and 3 (t= 2.14, P = .05) 
and between Lists 2 and 3 (¢ = 2.30, 
P = .05), though the difference be- 
tween Lists 1 and 2 was not significant 
(t = 1,48). 

The mean numbers of errors in the 
first half and second half of learning 
are shown in Table 6. An analysis 
of variance similar to that shown in 
Table 3 revealed only Lists as a sig- 
nificant effect (F = 6.225, df = 2/33, 
P< .01). The order of increasing 
errors by list is from List 1 with fewest 
errors to List 3 with most errors, as 
predicted. 

The number of correctly reproduced 
responses in backward recall was 5.54 
for List 1, 5.25 for List 2, and 5.07 
for List 3. Thus there were no 
significant differences between the 
lists in backward recall. Even Ss 
who learned List 1, which would seem 
quite easy to recall backward, were 
confused in recall, and were not pro- 
tected from error by the similarities 
between the adjectives from the 
stimulus side and from the re- 
sponse side. All Ss, regardless of list 
learned, made more backward recall 
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errors from syllable to adjective 
(Means = 2.5, 2.6, and 2.1, respec- 
tively, for Lists 1, 2, and 3) than 
in the direction from adjective to 
syllable (Means = 0.0, 0.1, and 0.3, 
respectively). 

Thus our prediction that the lists 
would fall in the order of difficulty 
from List 1 to List 3, with List 1 the 
easiest, is borne out, and gives further 
support to the interpretation that 
the results are mediated by backward 
associations. 


Discussion 


In Exp. 1 the more common items 
there were on the stimulus and response 
sides in paired-associate learning the 
more difficult it was to master a list. 
However, early in learning this was not 
so, and it was in fact easier to learn the 
first few items of a list having more 
common items in S and R. We inter- 
preted the interference as due to the 
formation of backward associations, and 
left unaccounted for the early advantage 
of the common-item lists. 

The early advantages of the common- 
item lists have been found before. 
Umemoto (1958), in a somewhat similar 
experiment using group learning, found 
that the list with all items in common 
(similar to our List 1 of Exp. I) was 
easy early in learning, while the list with 
half of the items similar (corresponding 
to our List 2) was more difficult early in 
learning. This correspondence between 
the two studies, one done in Japan and 
one in the United States, implies that the 
result is not accidental. Hence it is 


TABLE 6 


MEAN CUMULATIVE Errors IN EARLY AND 
LATE STAGES OF LEARNING 


; Tin 
List| N | C0-50% Fearning)| (50-1900 Learning) 
1 | 14 25.09 28.73 
2 142 34.75 48.83 
3 | 13 68.85 63.31 


“Stage II vs. Stage I for pooled Ss, df = 1/33 
F = 514/641 = 0.8, ns. 
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necessary to postulate some difference 
in process between what is going on in 
the early stages of learning and what is 
going on in the later stages. One possi- 
bility is that before the association 
between S and R has progressed there 
is a false appearance of association be- 
cause of the intrusion of some stimulus 
items into the responses. It has been 
suggested that in paired-associate learn- 
ing the first stage consists in the acquisi- 
tion of response items before associations 
between S and R develop (Morikawa, 
1959a; Umemoto, 1951; Underwood, 
Runquist, & Schulz, 1959). If that is 
the case, the “familiar” item is likely 
to be offered as a response, regardless 
of the presented stimulus. But the 
stimulusitemsare also “familiar” through 
incidental learning, and not yet differen- 
tiated from response items. Hence some 
stimulus items will appear as responses. 
In this stage, if some of the stimulus 
items are the same as the response 
items, the independent acquisition of 
response items will be obscured by the 
intrusion of stimulus items, some of 
which, by chance, may get scored as 
“correct” acquisitions, although most 
of them are, in fact, interferences with 
learning. If there is no common item 
between Sand R (as in List 3), evocation 
of the response items will not be subject 
to interference through the intrusion of 
an occasional stimulus item. This is a 
tentative hypothesis to explain the early 
advantage of List 1 over List 2, although 
they later cross and List 2 comes to have 
the advantage. Later in acquisition, 
the backward associations take over, and 
the intrusion of stimulus items becomes 
more generally interfering with the 
correct response. Thus, in retrospect, 
we have abandoned the second hypothe- 
sis of Exp. I in favor of the hypothesis 
that early in paired-associate learning 
some stimulus items intrude as response 
items not through backward association, 
but through failure of discrimination 
between stimulus and response items at 
this early stage. 

In Exp. II, the hypothesis of mediated 
backward association is tested in a situa- 
tion in which the backward association 


may facilitate learning instead of in- 
hibiting it. This situation, however, 
implies two different factors, namely, the 
occasional facilitation and occasional 
inhibition by backward mediating asso- 
ciations. In List 3, all the backward 
associations, mediated by similar or 
identical items, are inhibiting because 
responses evoked by mediation are in 
every case different from the correct 
response. List 1 is more complex, in 
that some intruding responses are iden- 
tical with the correct one while some 
others are only similar to the correct 
one. For the pairs which have adjectives 
in their stimulus side, such as noonday- 
GID in List 1, backward association will 
be clearly facilitating, because the re- 
sponse items mediated by similar adjec- 
tives from the response side (such as a 
backward association leading to midday- 
GID) are just the same nonsense syl- 
lables as the correct ones. For the pairs 
which have nonsense syllables on their 
stimulus side in List 1, such as GID- 
midday, the problem is rather complex, 
because the response adjectives mediated 
by identical nonsense syllables from the 
response side, such as the backward 
association GID-noonday, are only similar 
to the correct ones. Does a similarity 
between two responses facilitate the 
learning of a pair having the same stimu- 
lus or is it inhibiting? According to the 
surface of Osgood (1949) the point of 
the present scheme is located slightly 
under the zero point, hence ought to be 
inhibiting. According to Underwood 
(1949), however, the result was rather 
facilitating. Ishihara and Kashu (1953) 
also found in the A-B, A-C paradigm, in 
which B and C are similar, neutral, and 
opposite, that there were some facilitat- 
ing effects when the responses are simi- 
lar. From these results it is a reasonable 
inference that a similarity between two 
responses does not inhibit learning, 
Thus there is no inhibiting situation in 
List 1. Of course in List 3 of Exp. II, 
there are the conflicting arrangements 
of A-B, A-C (backward association), 
with no similarity between response 
items B and C for either nonsense syl- 
lables or adjectives, so there is no 
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problem when we compare the relative 
difficulties of List 1 and List 3 in Exp. II. 


SUMMARY 


‘Two experiments were reported here. In 
Exp. 1, three lists, each consisting of eight 
pairs of nonsense syllables, were used. The 
number of common items between stimulus 
and response was 8 (all) for List 1, 4 (half) 
for List 2, and none for List 3. The more 
common items there were the more trials 
to mastery though in an early stage there 
was a tendency for learning a list having 
half common items to be more difficult than 
learning a list having all items of S and R in 
common. A hypothesis of backward mediated 
association was proposed. 

In Exp. Il, the hypothesis is tested in a 
situation in which the backward association 
facilitates learning as well as inhibiting it. 
The materials used were three lists all of 
which had the same items on the stimulus 
and response sides, differing only in arrange- 
ment. These lists consisted of eight pairs, 
half of which had adjectives as stimuli and 
half of which had nonsense syllables as stimuli. 
List 1 was so arranged that all backward 
mediated responses would be the same or 
similar to correct responses. For List 2 
half of the backward associations would be 
facilitating, while for List 3 all backward 
associations were designed to be inhibiting. 
The results confirmed the hypothesis. The 
mediation through backward association thus 
accounts both for the inhibition in Exp. I 
and the facilitation and inhibition in Exp. II. 
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JUDGMENTS OF THE RELATIVE FREQUENCY OF 
A SEQUENTIAL SERIES OF TWO EVENTS 
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Determining the relative frequen- 
cies of a number of mutually exclusive 
events that occur in a temporal 
sequence might require different per- 
ceptual skills as a function of (a) the 
rate of occurrence of the events, 
(6) the number of mutually exclusive 
events, or (c) the use of aids, such 
as counters or paper and pencil. 
When an individual tally cannot be 
made after each occurrence because 
of conditions such as a fast rate of 
presentation or the lack of tallying 
aids, discrimination between the rela- 
tive frequencies is probably based 
on the sequencing of the different 
events with respect to themselves 
and each other. For example, if a 
series of events is presented randomly, 
as the relative frequency of one event 
is increased the probability of that 
event following itself in sequence will 
increase. Thus, a means of determin- 
ing relative frequencies at fast rates 
of presentation might be comparison 
of the size and number of repetitions 
or clusters of the different events. 
Some other factors which might have 
a bearing on the perception of relative 
frequency are the location of clusters 
(e.g., at the beginning or end of the 
series), the overall length of the series, 
and the rate of occurrence of the 
events. 


Hornseth and Grant (1954) found a 
typical psychophysical relationship between 
the perception of the more frequent of 
two sequentially presented events and the 
percentage difference between the events. 
In this study, Ss were asked to make the 
judgment of relative frequency after attempt- 
ing to predict the sequential series of events 
one at atime. The events were presented at 
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the rate of one every 3 sec., and Ss were not 
aware that they would be asked to make the 
overall relative frequency judgment until 
the entire series was completed, 

Neimark and Shuford (1959) investigated 
the effect of estimating the overall percentage 
of one of two randomly occurring letters on 
the prediction of which of these letters would 
occur next in sequence. Decks of 100 cards 
were used with a probability of .67 for one 
of the letters. It was found that prediction 
proportions on the last 30 cards of each deck 
approximated .67 for the groups which only 
predicted, and was significantly higher for 
the groups which predicted and estimated. 

Erlick (1959), in a study designed to in- 
vestigate ability to estimate the percentage 
of occurrence of one of two random sequential 
events, used fast rates of presentation (5 
per sec.) of the two events and instructed Ss 
at the start of the series that they would be 
asked to identify the more frequent event 
and estimate its actual percentage of occur- 
rence. It was found that when the frequencies 
of the events differed, Ss, as a group, over- 
estimated the more frequent event by 
approximately 2%. 


The present series of studies was 
designed to determine how identifica- 
tion of the more frequent of two 
random sequential events is influ- 
enced by: (a) the relative clustering 
of events and the location of clusters 
within a series, (b) the length of 
series observed, and (c) the rate of 
occurrence of the events. 


GENERAL METHOD 


A punched paper tape reader was used to 
present a preprogramed series of two mutually 
exclusive events on a single-plane, in-line* 
display unit. This unit utilized lenses etched 
with the symbols to be used, Lights behind 
each of the lenses projected the symbols onto 
approximately the same location of a3 X 4 in. 
frosted plastic surface. The symbols, which 
were 3 in. high, were seen as an outline of 
light against a dark background. A motor 
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driven cam supplied pulses to the tape reader 
which controlled the rate of presentation of 
the symbols; rate was varied by changing 
the cam, Symbols were presented one at a 
time and were on for approximately half of 
each cycle, allowing S to distinguish between 
repeated presentations of the same symbol. 
All of the programing equipment was housed 
in a separate room to reduce noise. 


EXPERIMENT I: SEQUENCE 
Method 


The letters “N” and “S” were used to 
indicate two mutually exclusive events. The 
frequencies of occurrence of the two events 
were always the same for any given trial. 
Two different trial lengths were used: a 
“short” series (F) consisting of 25 “Ns” and 
25 “Ss,” and a “long” series (L), which con- 
tained 50 “Ns” and 50 “S: The sequence 
in which the “Ns” and “Ss” were presented 
to Ss was varied in one of five different ways: 
50% of the presentations of one of the symbols 
occurred within either the first 25%, the 
first 38%, 50%, 62%, or 75% of the complete 
sequence of ‘‘Ns’' and “Ss.” The short and 
long series and the particular sequences of the 
events were designated as follows: F261, 
F38, F50, F62, F76', L25, L38, L50, L62, and 
L75; the number indicates at what percentage 
point of the total distribution of both events, 
50% of one of the events had been presented, 
and will be referred to as the median (Mdn.) 
location of that event. As an example, in 
the F38 condition, 13 “Ns” or 13 “Ss” 
occurred within the first 19 symbols displayed, 
while in the L62 condition, 25 of the same 
symbol occurred within the first 62 symbols 
displayed. Except for these constraints, the 
sequences of the two events were presented 
in a random order. This design has the 
effect of producing different relative degrees 
of repetition, or clustering of the events, and 
different locations of the clusters within the 
distribution. The sequences of events in the 
25% and 75% conditions are exact opposites 
of each other, and in terms of event sequences, 
both produced the highest difference in 
clustering of the two events; i.e., in the 25% 
condition, the first 25% of the occurrences 
‘are repetitions of the same event, while in the 
75% condition, the last 25% are repetitions 
of the same event. The 38% and 62% condi- 
tions are also exact opposites but there is less 
relative difference in clustering between the 


1 These frequencies cannot provide 25 
and 75%. ui 
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two events than for the 25% or 75% condi- 
tions, while in the F50 and L50 conditions 
there is no relative difference in the clustering 
of the events. 

The sequential constraints were all counter- 
balanced with regard to the symbols “N” 
and “S.” A trial consisted of viewing one of | 
the 10 different sequential orders at the rate 
of 4events persec. This rate was well beyond 
the capacity of S to make individual tallies 
or counts of each symbol as it appeared. At 
the end of each trial, S was instructed to 
write the letter which appeared more often, 
and next to this letter, to put an estimate of 
the percentage of the time the letter appeared, 
The S was told to guess if he was not sure of 
the answer and to keep all previous answers 
covered with a card. Trials were grouped 
into sessions consisting of 100 trials, counter=" 
balanced so that each of the 10 conditions” 
preceded and followed every other condition, 
including itself, once. Thus, within one 
session, S made 10 observations on each of 
the 10 experimental conditions. All Ss were 
given two sessions, separated by at least one 
day. The Æ, who sat in the room with Ss, 
called out the number of each trial before 
it was presented and started the trial by 
pressing a button. The Ss were given three 
Practice trials before each session, and an 7 
attempt was made to motivate them by < 
giving a monetary bonus as a function of 
“the number of correct answers.” Thirty 
college students were paid to serve as Ss and 
were run in groups of 5 to 10. Each S was 
seated in an individual booth facing the dis- 
play so as to view the symbols binocularly 
from a distance of from 6 to 9 ft. 


Results 


The first session was used to ac- 
quaint Ss with the procedure. There- 
fore, the following analyses were 
based on the second session. Two 
performance measures were obtained 
from each S: the number of “more | 
frequent” responses to the letter 
whose median occurred at various 
specified locations in the distribution, 
and the percentage estimates of the 
relative frequency of occurrence of 
this event. To determine whether 
these two measures produced sig- 
nificantly different results, each of 
the measures obtained from each $ 
was converted into a T score (McCall, 
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TABLE 1 


P VALUES FOR PAIRS OF MEDIAN LOCATIONS 
BASED ON PERCENTAGE ESTIMATES OF 
“MORE FREQUENT” EVENT 


Mdn. Location 
Mdn. 


Location ; 
25 38 50 62 
75 AT eich 01 -01 
62 05 19 40 
50 01 09 
38 06 


1939, pp. 505-508). The T scores 
of the “more frequent” responses of 
each S were then subtracted from the 
T scores of the percentage estimates. 
If the functional relationship of the 
two measures with regard to the 
experimental variables were the same, 
an analysis of variance based on these 
T-score differences would show no 
significant differences or interaction 
between Mdn. location and length 
of series. This hypothesis was con- 
firmed in that no significant differ- 
ences were found. Therefore, for the 
following analyses, only the actual 
percentage estimates were used, since 
this performance measure provided 
an interval value of Ss absolute 
estimate of relative frequency. 

Using Grant’s (1956) extension of 
Alexander’s (1946) trend analysis, 
an orthogonal polynomial analysis of 
indicated a significant 
quadratic trend (F=10.24, df=1/58, 
P <.005) for the percentage estimates 
as a function of Mdn. location. The 
quartic component was also signifi- 
cant. There were no significant dif- 
ferences between F and L series, and 
no significant interaction between 
Mdn. location and the two series. 
Individual Wilcoxon tests comparing 
the five Mdn. locations with each 
other showed no significant differ- 
ences between those conditions having 
the same relative degree of cluster, 
i.e. the 25-75% and the 38-62% 
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Mdn. locations. However, significant 
differences were shown to be present 
between Mdn. locations having dif- 
ferent relative degrees of clustering 
of the two events (see Table 1). 
Figure 1 indicates that for a high 
relative difference in the degree of 
clustering of two events, the event 
having the higher degree of cluster 
or repetitiveness is estimated as hav- 
ing the higher relative frequency of 
occurrence. This degree of over- 
estimation of relative occurrence is 
the same when the clustering of the 
event is at the very beginning or the 
very end of the total distribution of 
both events. 


EXPERIMENT IT: DURATION OF 
OBSERVATION 


Method 


Observation times ranging from 2.25 
to 40 sec. were presented. The observa- 
tion times, the frequencies of the more fre- 
quent event (Ey) and the less frequent event 
(Ex), and the percentage of increment 

E = 


(AF = 


=» X 100) for the five ranges 


L 
of observation time, Tı — Ts, are shown in 
Table 2. The observation times vary slightly 
within’ each T condition, since Ey was kept 
relatively constant in an attempt to obtain 
the same AFs for each T condition. 


u 
z 8 


ESTIMATED % FREQUENCY OF E] 
wu 
ò 


25 50 75 100 
MDN. LOCATION OF EVENT E} 
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Fic. 1. Estimated frequency of one of two 
equally frequent events as a function of the 
median location of one of the events within 
the distribution. 
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TABLE 2 


OBSERVATION TIMES, FREQUENCIES OF 
EVENTS, AND PERCENTAGE INCRE- 
MENTS OF MORE FREQUENT 


EVENT 
Number of Events 
Observation 
Time (Sec.) 
Ex Er 
2.50 5 5 0 
T 2.75 6 5 20 
E25 5 4 25 
2.50 6 4 50 
5.00 10 10 0 
T 4,75 10 9 11.1 
2 4.50 10 8 25.0 
4.25 10 7 42.9 
10.00 20 20 0 
‘m, 9.50 20 18 11.1 
19.00; 20 16 25.0 
8.50 20 14 42.9 
20.00 40 40 0 
T 19,00 40 36 11.1 
* 18.00 40 32 25.0 
17.00 40 28 42.9 
40.00 80 80 0 
*p, 38.00 80 72 11.1 
5 36.00 80 64 25.0 
34.00 80 56 42.9 


The symbols “1” and “2” were used to 
indicate the two mutually exclusive events. 
(These symbols differed from those in Exp. I 
and Exp. ITI because other experiments being 
carried on simultaneously with this equipment 
made it inconvenient to use the same sym- 
bols, and there was no reason to expect the 
choice of symbols to affect the functions 
investigated.) Each AF was counterbalanced 
in terms of these symbols and two different 
random sequences were used for each AF. 
A trial required one judgment and consisted of 
observing a random series of the two events 
with one of the AFs. A session consisted of 
16 trials all within the same T (time) condi- 
tion, counterbalanced so that each of the 
four AFs preceded and followed every other 
AF, including itself, once. Thus, each S 
made four observations at each of the different 
AF conditions. An experimental period 
consisted of five sessions, each with one of 
the five different T conditions. The five 
conditions were presented to five groups of 
20 Ss each, according to a latin square 
design. In order to determine if a few ob- 
servations averaged over many Ss produced 
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the same functional relationship as many 
observations made by one S, two Ss from 
the group experiment were also run inde- 
pendently of the foregoing and made 100 
observations at each of the experimental 
conditions according to a similar latin square 
design. The selection of these two Ss was 
based on their availability and their apparent < 
high motivation, as reflected by attentiveness 

during the group testing period and their 

consistency of performance, i.e., a systematic 

increase in accuracy as AF incr . Be- 

cause there was no significant difference be- 

tween the number of more frequent responses 

and percentage estimates in Exp. I, it was 

possible to simplify data reduction by using 

only the more frequent responses in Exp, II 

and III. Similar instructions and the same 

rate of presentation of events were used as in 

Exp. I. 


Results 


The AF required for 75% correct 
identification of Ey furnished a meas- | 
sure of the relative effect of the dif-. 
ferent lengths of observation. This’ 
measure was obtained by linear inter- 
polation and for the group was ob- 
tained by averaging the responses 
of all Ss over each of the observation 
times. The AF = 0 condition gives 
a measure of symbol bias. There was 
no systematic interaction between 
symbol preference and duration of 
observation. It is apparent that the 
results of the two independent Ss and 
of the group were similar (see Table 
3 and Fig. 2); first there was a de- | 
crease, and then an increase in ac- 
curacy of performance, as the dura- 
tion of observation was increas 
from 2.25 to 40 sec. The overall 
increase in performance is equivalent 
to a change in AF of approximately 
10 (e.g., a drop from 20 AF to 10 
AF for Ss), An analysis of variance 
of the group data based only on 
correct responses at AF = 25 showed 
the- main effects of duration to 
be significant (F = 5.44, df = 4/380, 
P <.001). The initial decrease i 
accuracy between Tı and T, was also 
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found to be significant (P < .01), 
based on Tukey’s test for multiple 


comparisons (Ryan, 1959). 


The overall effect of length of ob- 
servation on the percentage of correct 
responses depends to some degree 


on the AF, increment. At AF=11.1, 


there is no apparent effect for the 
grouped data, while at AF = 25.0, 
the group and the independent Ss 


show an initial decrease and then an 


increase in accuracy of responses; at 


AF = 42.9, one independent S still 
shows an initial decrease and then 
an increase in accuracy, while the 
other independent S and the group 
appear to have reached an asymptote 
in terms of correct identifications of 
the more frequent event. 


EXPERIMENT II]: RATE OF 
PRESENTATION 
Method 
The conditions T and T, (see Table 3) 
were presented at four different rates: 1, 2, 4, 
TABLE 3 


PERCENTAGE CORRECT JUDGMENTS AS A 
FUNCTION OF OBSERVATION TIME 


AF 
Duration | Grou", |— 

os | 111 | 25.0 | 42.9 
G 53.8 | 63.2% | 83.8 | 84.1 

Ti Si 58.0 | 72.4 | 88.0 | 90,1 
S2 63.0 | 70.2 | 87.0 | 90.6 

G 50.0 | 67.5 | 74.5 | 85.5 

Te Sı 45.0 | 61.0 | 90.0 | 93.0 
Sa 54.0 | 62.0 | 81.0 | 97.0 

G 47.2 | 65.2 | 79.0 | 84.2 

Ts Sı 47.8 | 66.0 | 82.0 | 86.0 
So 57.8 | 66.0 | 89.0 | 98.0 

G 48.8 | 66.3 | 83.2 | 82.8 

Ts Si 42.0 | 69.0 | 88.0 | 91.0 
So 58.0 | 80.0 | 88.0 | 95.0 

G 50.5 | 68.7 | 86.0 | 84.2 

Ts Si 56.0 | 78.0 | 94.0 | 93.0 
Se 58.5 | 87.0 | 94.0 | 98.0 


a Percentage of number ‘'1”’ responses. $ 
bAt Tı the AF values for 11.1 and 42.9 are inter- 


polated. 
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Fic. 2. Effect of duration of observation 
on AF at 75% correct identification. (The 
abscissa is scaled logarithmically.) 


and 8 events per sec. Within each of the two 
T conditions, four groups, ranging from 7 to 
11 Ss each, were presented the different rates 
according to a latin square design. The 
T and T; conditions had totals of 35 and 37 
Ss, respectively. The letters “A” and “B” 
were used to designate the two mutually 
exclusive events, As in Exp. II, the symbols 
and the sessions were counterbalanced and Ss 
were required to indicate only the “more 
frequently” occurring symbol. Instructions 
similar to those in Exp. I and II were used. , 


Results 


As in Exp. I, the AF required for 
the interpolated 75% correct identi- 
fication of Eq was used as a measure 
of performance. Results shown in 
Table 4 and Fig. 3 indicate an overall 
increase in the AF required for 75% 
accuracy as a function of increasing 
rate of presentation for both durations 
of observation Tand Ty. An analysis 
of variance based on correct responses 
at AF = 11.1 showed the main effect 
of rate over both Ts and Ty to be 
significant (F = 15.35, df = 3/180, 
P <.001) and the interaction be- 
tween the T conditions and rate signifi- 
cant (F=5.73, df=3/180, P <.001). 
This indicates that the effects of rate 
are different for the short (T+) and 
long (T4) series of events. At the 
slowest rate of 1 per sec., Ta requires 
a smaller AF than that of condition 
T, to obtain 75% accuracy; while 
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TABLE 4 


PERCENTAGE OF CORRECT JUDGMENTS AS A 
FUNCTION OF OBSERVATION TIME 
AND PRESENTATION RATE 


AF 
Rate |Observation 

Ar a Tine 6 C E E Eea 

On 11.1 25.0 42.9 

1 Te 47.9 | 87.9 | 89.3 | 94.3 

Ts 54.0 | 81.1 | 93.9 | 91.9 

2 Ts 43.6 | 77.9 | 83.6 | 95.0 

Ts 56.1 | 77.0 | 86.5 | 87.8 

4 T: 49.3 | 70.0 | 82.9 | 90.7 

Ti 46.0 | 73.0 | 87.2 | 88.5 

8 T: 56.4 | 52.4 | 88.6 | 92.1 

Ti 71.6 | 70.3 | 85.8 | 87.8 


* Letter “A” responses, 


as the rate of presentation is increased, 
the AF required for T, to achieve 
the same accuracy as T, becomes 
increasingly greater. 

Here again, as in Exp. II, the results 
are influenced by the degree of AF 
increment. At AF = 11.1, there is a 
significant interaction between the 
length of observation and rate of 
presentation. However, as AF is 
increased to 25 and 42.9, this inter- 
action disappears, Ss apparently reach 
an approximately equivalent asymp- 
tote for both durations of observation. 
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EVENTS PER SECOND 


Fic. 3. Effect of rate of presentation on 
AF at 15% correct identification. (The 
abscissa is scaled logarithmically.) 
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Discussion 


Sequence-—The results of Exp. 7 
substantiate the hypothesis that the 
sequence in which a given series of two 
events is viewed influences the a pos- 
teriori judgment of the relative frequency 
of occurrence of the events. Thus, when 
the frequency of occurrence of two 
events is actually the same, the event 
having the higher degree of clustering 
is estimated as having a higher rela- 
tive frequency of occurrence, Also, the 
fact that there was not a significant 
difference between the lengths of the 
two different series indicates that the 
important variable appears to be the 
relative difference in the degree of repeti- 
tion of the two events, and not the 
absolute degree of repetition of an event. 
This effect appears to be the same 
whether the repetition of the event 
occurs at the very beginning or at the 
end of the distribution of both events. 
Whether these results would be extended 
to the condition where repetition of an 
event occurs elsewhere in the distribution 
requires further investigation. Because 
of the influence of highly repetitive se- 
quences of the same stimulus on the 
perception of the more frequent event 
found in Exp. I, more than one ran- 
domization was used for the same 
condition in Exp. II and III. 

Duration of observation.—When an 
observer attempts to discriminate be- 
tween the relative frequencies of events 
that are presented too fast to be tallied 
separately, he probably utilizes clusters, 
i.e., reorganizes the input sequences into 
larger units or “chunks,” which are used 
as the basic unit for tallying (Miller, 
1956). Thus, the relative length and 
number of “chunks” of the different 
events are probably what is being dif- 
ferentially weighted. This might ex- 
plain the nonmonotonic function relating 
accuracy of perceiving the more frequent 
event to duration of observation. The 
very shortest duration approximates 
immediate recall, in terms of the number 
and size of “chunks.” Thus, the task 
becomes essentially one of discrimina- 
tion. However, as the duration of obser- 
vation increases, the task of recalling 

‘ 
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previous details of the series becomes 
greater. At the same time, however, 
an increase in observation time gives S$ 
a larger sample upon which to base his 
judgment. It may be the interaction 
between the foregoing that causes the 
nonmonotonic relationship in Exp. II. 

The close similarity between the in- 
dividual S curves (based on 100 observa- 
tions at each point on the curve) and 
the group curve (based on observations 
by each of 100 different Ss) adds validity 
to the general functional relationship 
obtained in this study. Because of this 
similarity and the relative ease of ob- 
taining group data, the study involving 
the effects of rate was conducted using 
only groups of Ss. 

Rate of presentation.—Increasing the 
rate of presentation probably has the 
effect of increasing the number of events 
that are grouped together in “chunks” 
as a tallying unit. Since S can make 
only a finite number of discriminations 
per unit time, if more information is 
forced into a specified time period, the 
information is probably broken down 
into larger “chunks” of the sequence 
with a consequent loss. Therefore, 
given the same amount of information, 
as its rate of presentation is increased, 
the ability to assimilate the information 
will tend to decrease. The foregoing 
might explain the general decline in 
accuracy of perceiving the more frequent 
event as rate of presentation was in- 
creased from 1 to 8 events per sec. 

The higher accuracy for the shorter 
series at the slowest rate might be 
explained in terms of the interaction 
between memory and the increased 
time sample. Thus, at the rate of 1 
event per sec., individual events can 
probably be discriminated one at a 
time, and the premium for accuracy 
would tend to favor memory functions 
resulting in greater accuracy for a shorter 
series. On the other hand, at fast rates 
of 4 and 8 events per sec., where some 
information is lost because of the neces- 
sity for grouping the individual events, 
increasing the length of the series, with 
a consequent increase in time sample, 
appears to outweigh the advantage 


of memory that accrues to the shorter 
series. 

In general, it appears that approxi- 
mately a 10 to 20% increment (AF) of 
the more frequent event is required to 
maintain a 75% accurate identification 
of that event, when the observation time 
is greater than 5 sec. and the rate of 
presentation is not faster than 8 events 
per sec. 

The problem of perceiving the more 
frequent or modal event of a sequential 
series of two events has been shown to 
be a function of the sequence in which 
the events appear, the total number of 
events observed, and the rate at which 
the events are presented with rate 
interacting with observation time. 


SUMMARY 


The effects of sequence, duration of ob- 
servation, and rate of occurrence on the 
perception of the more frequently occurring 
event of a sequential series of two mutually 
exclusive events was investigated. It was 
found that: when both events are equally 
frequent, the event having the higher degree 
of clustering is estimated as having a higher 
relative frequency of occurrence; the rel- 
ative degree of cluster—not the absolute 
magnitude of the cluster—appears to influ- 
ence the perception of relative frequency; 
as duration of observation increases from 
very short time periods, the 75% threshold 
of identifying the more frequent event de- 
creases and then increases; as rate of presen- 
tation increases, this threshold decreases; 
rate interacts as a function of duration of 
observation, i.e. the shorter the duration, 
the steeper the decline in accuracy as a func- 
tion of increasing rate; and an increment 
(AF) of approximately 10 to 20% of the more 
frequent event (Em) is required to maintain 
75% accurate identification of Ey with ob- 
servation times beyond 5 sec. and rates of 
presentation 8 per sec. or slower. The results 
are explained in terms of the discrimination 
of varying size clusters of events or “chunks” 
of the sequence of events. 
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MEDIATING VERBAL RESPONSES AND STIMULUS 
SIMILARITY AS FACTORS IN CONCEPTUAL 


NAMING BY SCHO 


HARVEY 


OL AGE CHILDREN! 
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University of Massachusetts 


It has been shown in a number of 
recent studies (e.g., Baum, 1951; 
Cary & Goss, 1957; Fenn & Goss, 
1957; Goss & Moylan, 1958; Lacey 
& Goss, 1959) that prior learning of 
potential verbal mediating responses 
facilitates subsequent conceptual be- 
havior. In this experiment acquisi- 
tion of conceptual naming responses 
Was investigated as a function of 
patterns of relationships among initi- 
ating stimuli, verbal mediating re- 
sponses and stimuli, and verbal termi- 
nating responses (conceptual naming), 
and of similarity among the initiating 
stimuli. Four patterns of possible 
relationships were included; and the 
design provided for determination 
of their separate effects as well as for 
comparisons of those effects. 

Figure 1 shows the four patterns 
of relationships among initiating stim- 
uli, mediating responses and stimuli, 
and terminating responses. Pattern 
AA has been labeled acquired equiva- 
lence of cues (Dollard & Miller, 1950; 
Goss, 1955). In this pattern, acquisi- 
tion of a common verbal response to 
two or more initiating stimuli is 
followed by acquisition of a common 
terminating response. 


1This study is based on a dissertation 
presented in partial fulfillment of the require- 
ments for the PhD at the University of 
Massachusetts. The writer would like to 
express his appreciation to Albert E. Goss 
for his critical suggestions and helpful 
guidance, and to the other members of his 
committee, Solis Kates, Claude C. Neet, 
and Raymond Wyman, for their counsel. 

? Now at the Pittsburgh Child Guidance 
Center, Pittsburgh, Pennsylvania. 


Acquired distinctiveness of cues is 
the label commonly applied to Pattern 
BB (Dollard & Miller, 1950; Goss, 
1955). Dissimilar verbal mediating 
responses are learned to each of two 
or more initiating stimuli. Subse- 
quently, discriminative terminating 
responses are conditioned to the 
initiating stimuli to which the dis- 
criminative mediating responses had 
been learned. 

Although the existence of Patterns 
AB and BA has been suggested pre- 
viously (Goss, 1955), neither pattern 
has been included in prior investiga- 
tions. In Pattern AB a common 
mediating response is learned to two 
or more initiating stimuli, after which 
different terminating responses are 
learned to those stimuli. In Pattern 
BA, different mediating responses are 


Indetating. Mediating Responses Terminating 
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Fic, 1. Four patterns of relationships 
among initiating stimuli, common or dis- 
criminative mediating responses and stimuli, 
and common or discriminative terminating 
responses. 
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conditioned to initiating stimuli, and 
a common terminating response is 
then conditioned to the initiating 
stimuli. 


METHOD 
Design 

Control conditions.—The control for warm- 
up and learning-performance sets was by 
means of a condition in which common or 
discriminative responses were first condi- 
tioned to sets of initiating stimuli which did 
not resemble the stimuli of the transfer phase. 
However, features of the training and transfer 
phases other than the sets of initiating stimuli 
employed were the same. Therefore, those 
experiences involved in warm-up and learn- 
ing-performance sets were expected to gen- 
eralize from the training phase to the transfer 
phase as was facilitation based on receptor- 
orienting responses. 

Combinations of conditions—Under the 
experimental condition each of the AA, BB, 
AB, and BA patterns of relationships among 
initiating stimuli, mediating responses and 
stimuli, and terminating responses was com- 
bined both with the more similar and with 
the less similar initiating stimuli. Cor- 
responding to each of these eight combinations 
was a control for the combined effects of 
nonspecific transfer and receptor-orienting 
responses. Thus, there were 16 combinations 
of conditions (Fig. 2). Pattern AA was com- 
bined with Pattern BB as was Pattern AB 
with Pattern BA so that all Ss learned three 
responses to the initiating stimuli of the 
training phase and three responses to the 
initiating stimuli of the transfer phase. 


Stimuli and Responses 


The stimuli were four sets of eight line 
drawings of stylized faces or houses printed 
on blue, green, yellow, and pink pastel paper. 
Thus, there were 128 stimuli in all. The 16 
faces were all of the same sizes, as were the 
16 houses, 

The faces of one set differed from each 
other with respect to degree of curvature of 
the hair, eyes, and mouth. These faces were 
relatively less similar to each other than those 
of the other set which differed from each other 
only with respect to degree of curvature of the 
eyes. The less similar houses differed from 
each other with respect to direction of smoke 
from the chimney and in number of scalloped 
bottoms of the shades in the two windows 
and of the shade in the window of the door. 
The more similar set of houses differed only 
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with respect to number of the scalloped 
bottoms of the shades in the two windows. 

The six nonsense syllables used were 
selected from among those of Mandler’s 
(1955) list which have high associative 
frequencies. 


Apparatus 


The apparatus consisted of a vertical 
panel in which a window (5 in. X 3 in.) had 
been cut. Behind the window, guides cor- 
rectly positioned the 3 X 6 in. plastic cards 
on which the stimuli appeared. When a card 
was dropped between the guides, the bottom 
of the card tripped a microswitch which 
activated a time-delay relay set for 3 sec. 
At the end of the anticipation interval a 
bulb on the front of the apparatus lighted. 


Subjects 


The Ss were 96 children who were drawn 
from among those between the ages of 8 and 
11 yr. in Grades 2 through 6.3 The groups 
were equated for sex and as nearly as possible 
for means and ranges of ages and for IQs. 
All children with IQs of less than 90 or more 
than 125 were excluded. 


Procedure 


The same sequence of training and transfer 
experiences was administered to each of the 
eight groups. During the training phase, Ss 
were familiarized with the mediating responses 
before those responses were conditioned to 
the initiating stimuli of Patterns AA and BB 
or of Patterns AB and BA. The Ss were then 
familiarized with the terminating responses 
of the transfer task after which those responses 
were associated with the initiating stimuli. 

In order to counterbalance for any differ- 
ences due to experience with face stimuli vs. 
house stimuli, half of the Ss under the experi- 
mental condition had faces for both transfer 
and training phases; the other half of each 
group had houses for both training and trans- 
fer phases. Under the control condition, 
half of the Ss had faces for the training phase 
and houses for the transfer phase; the other 
half of each group had houses for the training 
phase and faces for the transfer phase. 

Familiarization with mediating responses.— 
Familiarization training began by E telling 
each S that he was to say some short syllables 


* The cooperation and kind permission of 
the Erving School Union, William Trainor, 
Superintendent of Schools, is gratefully 
acknowledged. 
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Fic, 2. Relationships among initiating stimuli, mediating responses and stimuli, and 
terminating responses for assignment to Patterns AA and BB or to Patterns AB and BA 
with dissimilar initiating stimuli. (The relationships with similar stimuli are the same. 
Under the experimental condition, the initiating stimuli of both the training phase were 
identical. Under the control condition, the face or house initiating stimuli of the training 
phase are replaced by house or face stimuli, respectively, for the training phase.) 


in the same way that E said the syllables. sive three-trial blocks. At the end of nine 
The S was also told to try to memorize them. trials E asked S to name the syllables, Those 
Each of the three syllables was then pre- who were unable to remember them were 
sented three times, once within three succes- given six additional trials, two with each 
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TABLE 1 


MEANS AND STANDARD DEVIATIONS oF TRIALS 
TO THE First CRITERION OF THE 
TRAINING PHASE 


Faces Houses 
Pattern] Similarity | Cond. | ——____ 
Mean | SD | Mean | SD 
ar 15.8 | 8.9| 21.8 | 6.3 
$ Similar 18.8 | s9 | 19.0 | 8.0 
Az ~ 
issimilar ExP. | 22.8 [12.4] 18.7 | 5.6 
Dissimilar] Cont, | 20:0 | 79| 22:7 | 9:8 
= Exp. | 19.0 | 3.8| 21.3 | 8.0 
a Similar | Gont. | 19:8 | 9:0| 202 | 80 
imilar| EXP. | 16.8 | 3.5] 18.3 | 6.9 
Dissimilar] Cont. | 16:8 | 91| 133 | $0 
B Exp. | 24.2 | 71| 27.3 | 12.2 
a Similar | Gont. | 27:7 | ai} 323 | 3:3 
ii R Exp. 32.3 |11.5| 28.5 5.8 
Dissimilar] Cont. | 19:8 | 72| 28:7 |111 
Exp. | 25.8 | 71| 31.0 | 51 
s Similar | Cont. | 20:8 | 75| 240 | 10:2 
3 Exp. | 25.2 | 4.5| 28.7 |114 
Dissimilar] Cont. | 27:2 | 56| 25:3 | 64 


Note.—N = 6 for all cells, 


syllable. No S was discarded for failure to 
remember the syllables correctly after these 
additional trials. 

. Training—The mediating responses of 
each pattern were acquired by the paired- 
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associate technique. Each trial consisted of 
the presentation of one of the stimuli for 3 
sec., after which the bulb lighted and E said 
the syllable which S was to associate to it. 
In order to equalize the strengths of responses 
to the different stimuli, the method of ad- 
justed learning was employed. When cor- 
rect anticipations for particular stimuli had 
occurred on three succe i they were 
removed. After all three respor reached 
this criterion, the stimuli were reintroduced 
and presented until the correct response for 
each stimulus occurred one more time. 
Familiarization with terminating responses, 
The instructions and procedures for famil- 
iarization with the terminating responses 
were identical to those for familiarization with 
mediating responses. Again, no S was elimi- 
nated for failure to learn these responses. 

Transfer.—All Ss were given 32 trials to 
learn common or different terminating re- 
sponses to the initiating stimuli by the paired- 
associate technique. Each of the eight faces 
or eight houses of each set of stimuli appeared 
randomly once within each successive block 
of eight trials. 


RESULTS 
Training 


Table 1 presents means and SDs of 
numbers of trials to reach three 


TABLE 2 


Means AND SDs or NUMBERS or Correct COMMON AND DISCRIMINATIVE 
TERMINATING RESPONSES DURING THE 32 TRIALS OF TRANSFER PHASE 


Faces Houses Faces & Houses 
N =6 cea. N = 6 ea. N =12 ea. 

Pattern Similarity Cond. 
Mean SD Mean SD Mean SD 
A Exp. AS (ios E ET ‘fa 
Bac | See (ete | ee E 
a, <a : 4 0 | 26 | 118 2.4 
Dissimilar Cont. SSeS ees oul ats 8.5 2.0 
ey Exp. 11.0 | 1.9 7 || Ma 10.3 2A 
aa Similar Cont. of 1.0 63 | 1.0 6.0 1.0 
ie xp: : : 1.3 | 11 | 1118 1.6 
Dissimilar Cont. | 100] 12 | 90 | 94 9.5 1.8 
us Exp. Lid PE 5.8 | 20 5.8 1.7 
ne Similar Cont a0 23 70 | 12 7.5 1.9 
FRN Xp. ` 8 2.0 7.9 1.6 
Dissimilar Cont 9.0 | 20 82 | 20 8.6 2.0 
ee Exp. 7.7 8 8.3 8 8.0 8 
BA Similar Cont. 80 26) 93 | 14 8.7 2.2 
eee xp. 5 ; 6.2 4 6.1 14 
Dissimilar Cont. S2 o aset Stig 8.8 18 
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successive correct anticipations of the 
common mediating response for Pat- 
| terns AA and AB. Also shown are 
| the comparable means and SDs of 

numbers of trials to learn each of the 
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TABLE 3 


ANALYSIS OF VARIANCE OF Correct RE- 
SPONSES DURING THE 32 TRIALS OF 
TRANSFER PHASE 


discriminative mediating responses of Source Bf | PALS 
J, = : ir Between Ss* 95 
| Patterns ce and BA to ba as Faces Houses ® bas rere ee 
sive correct anticipations. nce t Similar-Dissimilar 14.63 | 3.91 
| MA antapanoi juste ele AABB-ABBA (D) 1 | 273.13 | 74.42% 
task was not mastered until both experimental-Control (E) 1| 43.13 | 11.75%" 
3 ENE Error (b) 80] 3:67 
responses had reached criterion, these 
4 . Be Ssb 
means are based on sums of trials aces tha s) a et 2.05 
i peste Solent imilar-Dissimilar (C’) 1| 12:76} 401 
to criterion for both discrimina- Experimental-Control (E) | 1| 270.01 stor 
ae 5 A KER E’ 1| 14.26 | 4.48 
| tive responses. An analysis of vari Biror (b) aeei 2 
ance among these means showed E a 
DES Ss 
that the common mediating response AABB (A) 1| 38.76 | 10.5088 
. . A’ 1 .26 | 20.. 
| was learned significantly faster than Error (w) 40| 366| — 
discriminative mediating responses. mee GAl 
The second criterion of one further Between $s? E PAs 
| s X 5 ee A t i 1| 338| 82 
correct anticipation of the common anemer Cako cB) lt Al R oa 
mediating response and of each dis- Error (b) 40| 417| — 
criminative mediating response was Within Ss, 48 id 
A A ; AB-BA (A”) 1| 5.04] 1.68 
achieved by most Ss on the first trial Arg OO 1| 37.50 | 12.50% 
on which the stimuli for each of these A EAN AE es 


responses were reintroduced. Since, 
at most, three further trials, including 
the criterion trial, were required, 
these were not analyzed further. 


Transfer 


The performance measure of the 
transfer phase was number of correct 
responses during the 16 trials in which 
the common terminating responses of 
Patterns AA and BA were correct, 
and number of correct responses dur- 


Note.—The omitted interactions were all non- 
significant, 

a For all Ss. 

» For Ss assigned to Patterns AA and BB. 

° For Ss assigned to Patterns AB and BA, 

* Significant at the .05 level. 


** Significant at the .01 level. 


ing the 16 trials in which one or the 
other of the discriminative terminat- 
ing responses of Patterns BB and AB 
was correct. Means and SDs of 
numbers of these responses are shown 
in Table 2. 


TABLE 4 


ANALYSES OF VARIANCE OF CORRECT RESPONSES DURING TRANSFER PHASE FOR 
PATTERNS AA, BB, AB, AND BA SEPARATELY 


Pattern AA Pattern BB Pattern AB Pattern BA 
Source df 
MS F MS F MS F MS F 
Experimental- 
Control (A) 1 | 136.69 | 33.60**) 133.34 | 25.16**| 16.52 | 4.63* | 35.02 | 10.74** 
Similar- 
Dissimilar (B) 1 13.02 | 3.21 75.00 | 14.15**| 30.69 | 8.60** | 9.19 | 2.82 
AXB 1 02 12.00 | 2.26 4.52 | 1.27 13.02 | 3.99 
Error 44 4.06 5.30 3.51 3.26 


* Significant at the .05 level. 
** Significant at the .01 level. 
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Because Patterns AA and BB were ad- 
ministered to half of the Ss, and Patterns AB 
and BA were administered to the other half, 
the analysis of variance to determine the 
significance effects of the five factors was 
somewhat unusual. The “between Ss” 
sources of variance, in which all Ss were 
involved, were: (a) faces or houses, (b) more 
similar or less similar stimuli, (c) experi- 
mental or control conditions, and (d) assign- 
ment to Patterns AA and BB or to Patterns 
AB and BA. 

For Ss assigned to Patterns AA and BB, 
the “within Ss” sources of variance were 
Pattern AA or Pattern BB and the interac- 
tions of this factor with faces or houses, more 
similar or less similar stimuli, and experi- 
mental or control conditions. Each of the 
latter three factors and their interactions 
with each other were “between Ss" sources, 
but now for only half of the Ss. The same 
was true for Ss assigned to Patterns AB 
and BA. 


Patterns AA, BB, AB, and BA 
Separately.—Nonsignificant Fs indi- 
cated that the sets of face and house 
stimuli were essentially equivalent 
(Table 3). Accordingly, this factor 
was not included in analyses of yari- 
ance for Patterns AA, BB, AB, and 
BA separately, for each of which the 
sources of variation were more similar 
or less similar stimuli, experimental or 
control conditions and the interaction 
of these two variables. 

For Pattern AA, significantly more 
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correct responses were made under 
the experimental condition than under 
the control condition. While more 
correct responses were made with 
similar initiating stimuli than with 
dissimilar initiating stimuli the F for 
this difference was not significant. 

For Pattern BB, there were sig- 
nificantly more correct discriminative 
terminating responses under the ex- 
perimental condition (Mean=11.08) 
than under the control condition 
(Mean = 7.75), and with less similar 
initiating stimuli (Mean = 10.67) than 
with more similar initiating stimuli 
(Mean = 8.17). 

For Pattern AB, significantly more 
correct discriminative terminating re- 
sponses occurred under the con- 
trol condition (Mean = 8.04) than 
under the experimental condition 
(Mean = 6.88), and with less similar 
stimuli (Mean= 8.25) than with more 
similar stimuli (Mean = 6.62). 

For Pattern BA, the mean of 8.75 
for the control condition was sig- 
nificantly greater than the mean of 
7.04 for the experimental condi- 
tion. While more correct responses 
occurred with more similar stimuli 
(Mean = 8.34) than with less similar 
stimuli (Mean = 7,46), the difference 
was not significant. 


TABLE 5 


ANALYSES OP VARIANCE OP CORRECT RESPONSES DURING TRANSFER PHASE FOR 
PATTERNS AA AND BA AND FOR PATTERNS BB AND AB 


— 


2 
E 
€ 


Patterns AA and BA o or 
itterns BB and AB (C’) 


P MS F 
4.55° 27.09 6.10° 
6.02* 102,09 22.99°* 

51.10°* 94.01 21.17°° 
1.93 1.27 29 


IEE oO 
be, = 


a. 
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Pattern AA and Pattern BA.—In 
the analysis of variance for Pattern 
AA and Pattern BA (Table 5), sig- 
nificantly more correct responses oc- 
curred under the experimental condi- 
tion (Mean = 9.71) than the control 
condition (Mean = 8,88), with more 
similar (Mean = 9.78) than with less 
similar stimuli (Mean = 8.81), and 
for Pattern AA (Mean = 10,69) than 
for Pattern BA (Mean = 7.90). 

Pattern BB and Pattern AB.—For 
Patterns BB and AB (Table 5), signifi- 
cantly more correct responses occurred 
under the experimental condition 
(Mean = 8.98) than under the control 
condition (Mean = 7.92), with less 
similar stimuli (Mean = 9.46) than with 
more similar stimuli (Mean = 7.40), 
and for Pattern BB (Mean = 9,42) 
than for Pattern AB (Mean = 7,46). 


Discussion 


In agreement with Lacey and Goss’ 
(1959) finding of an inverse relationship 
between acquisition rate and number of 
responses, the common mediating re- 
sponse of the training phase was acquired 
more rapidly than discriminative mediat- 
ing responses. Of greater consequence 
was the finding that the parallel sets of 
more similar faces and of more similar 
houses did not differ in difficulty; this 
was also true for the parallel sets of less 
similar faces and of less similar houses. 

Patterns AA, BB, AB, and BA sepa- 
rately.—For Pattern AA, in which acqui- 
sition of a common mediating response 
was followed by acquisition of a common 
terminating response, analyses of the 
roles of cue-producing responses in learn- 
ing (Goss, 1955; Lacey & Goss, 1959) 
lead to predictions of more correct 
responses under experimental than under 
control conditions and with more similar 
than with less similar stimuli. Both 
of the obtained differences were in the 
predicted direction, but only the former 
was significant. Since the interaction of 
these two variables was not significant, 
the effects of a common mediating stimu- 


lus on acquisition of a common ter- 
minating response were apparantly no 
different with less similar than with more 
similar stimuli, However, other factors 
may have precluded a significant inter- 
action. For example, the mediating 
stimuli may have been such large pro- 
portions of compounds of initiating Sa 
mediating stimuli that even relativel: 
large differences in the similarity of init. 
ating stimuli could produce only rela- 
tively small differences in similarity of 
compounds, Or, the differences in rela- 
tive similarity of the more similar to the 
less similar stimuli may not have been 
suficient to produce a significant inter- 
action. These same factors might also 
account for the nonsignificant interac- 
tions of experimental or control condi- 
tions with more similar or less similar 
stimuli for Patterns BB, AA, and BA 
separately, 

For Pattern BB, discriminative medi» 
ating responses were acquired to either 
more similar or less similar stimuli; sub- 
sequently discriminative terminating re- 
sponses were acquired. Predictions of 
more correct discriminative terminating 
responses under the experimental condi- 
tion than under the control condition 
and with less similar than with more 
similar stimuli were both confirmed, 

For Pattern AB, a common mediating 
response was conditioned to the initiat- 
ing stimuli and then discriminative 
terminating responses were conditioned 
to the same stimuli, In agreement with 
predictions, more correct terminating 
responses occurred under the control 
than under the experimental condition 
and with less similar than with more 
similar stimuli, 

Acquisition of the different mediating 

responses of Pattern BA was followed 
by acquisition of a common termina 
response, As expected, more ra 
learning was obtained under the control 
than under the experimental condition 
and with more similar than with less 
similar stimuli. However, the latter 
difference was nonsignificant. 

Three further features of these findin, 
are of interest. First, whatever 
reason, the presumed presence of mediat- 
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ing stimuli under the experimental condi- 
tion did not produce significant inter- 
actions with similarity of initiating stim- 
uli. Second, all four patterns of rela- 
tionships among initiating stimuli, medi- 
ating responses and stimuli, and ter- 
minating responses influenced concep- 
tual behaviors. In any concept-forma- 
tion situation in which two or more of 
these patterns are present, therefore, 
resultant performance probably reflects 
their joint influence. Third, the presence 
of verbal mediating responses per se does 
not assure facilitation of learning and 
performance of subsequent conceptual 
naming: whether facilitation or inhibi- 
tion occurs is contingent on the patterns 
or combinations of patterns. Such facili- 
tation or inhibition would be added to or 
subtracted from expected facilitative 
effects of warm-up and learning-per- 
formance set and of receptor-orienting 
responses. 

Pattern AA with Pattern BB; Pattern 
AB with Pattern BA.—As predicted on 
the basis of previous findings (Lacey & 
Goss, 1959) of an inverse relationship 
between acquisition rate and the number 
of responses, the common terminating 
response of Pattern AA was mastered 
more rapidly than the discriminative 
terminating responses of Pattern BB. 
Since a greater number of correct re- 
sponses occurred with the more similar 
than with the less similar initiating 
stimuli for Pattern AA, and the converse 
for Pattern BB, the expected interaction 
of Pattern AA or Pattern BB with simi- 
larity of initiating stimuli was obtained. 

The common terminating response of 
Pattern BA was, as predicted, correct 
more often than the discriminative 
terminating responses of Pattern AB, 
but the difference was not significant. 
However, the prediction of more correct 
responses with less similar than with more 
similar stimuli for Pattern AB and the 
converse for Pattern BA was confirmed. 

Pattern AA with Pattern BA; Pattern 
BB with Pattern AB—The facilitative 
and inhibitory effects for Pattern AA 
and Pattern BA, respectively, produced 
the expected interaction of these patterns 
with experimental or control conditions. 
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Facilitative effects for Pattern AA out- 
weighed inhibitory effects for Pattern 
BA. Similarity of initiating stimuli did 
not have significant effects with Pat- 
terns AA or BA separately. For the 
two patterns combined, however, sig- 
nificantly more correct responses oc- 
curred with more similar than with less 
similar stimuli. 

Facilitative effects with Pattern BB 
and inhibitory effects with Pattern AB 
produced the expected interaction of 
these patterns with experimental or con- 
trol conditions with facilitation exceeding 
inhibition. 

Comparisons involving Patterns AA, 
BB, AB, and BA.—Relative degree 
of similarity of initiating stimuli pro- 
duced differences in the predicted direc- 
tion with all four patterns. Specifically, 
more correct terminating responses Oc- 
curred with more similar stimuli than 
with less similar stimuli for Patterns 
AA and BA and with less similar stimuli 
than with more similar stimuli for Pat- 
terns BB and AB. Only for Patterns 
BB and AB, however, were the differ- 
ences between more similar and less 
similar stimuli significant. Since both 
patterns involved discriminative termi- 
nating responses, similarity of initiating 
stimuli may have relatively greater 
effects on transfer tasks involving dis- 
crimination than on’ those involving 
generalization. 

For all 16 combinations, the largest 
number of correct terminating responses 
was obtained for Pattern AA with 
similar initiating stimuli under the 
experimental condition. The smallest 
number of correct terminating responses 
occurred for Pattern AB with similar 
initiating stimuli under the experimental 
condition. 

In general, therefore, the observed 
relationships support inferences from 
previous findings that verbal mediating 
responses and stimuli play an important 
role in conceptual naming. Also, infer- 
ences of the importance of verbal mediat- 
ing responses can be extended to initiat- 
ing stimuli of varying relative similarity 
which are more similar to pictorial 
representations of common objects, to 
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four separate patterns of relationships 
involving mediating responses, and to 
children. 


SUMMARY 


The significance of verbal mediating re- 
sponses and stimuli in conceptual naming 
was investigated by means of a design in 
which four patterns of possible relationships 
among initiating stimuli, mediating stimuli 
and responses, and terminating responses 
were combined with sets of more similar or 
less similar initiating stimuli. The patterns 
involved initiating stimuli to which Ss 
learned: (a) a common mediating response 
and then a common terminating response 
(Pattern AA), (6) discriminative mediating 
responses and then discriminative terminating 
responses (Pattern BB), (c) a common medi- 
ating response and then discriminative ter- 
minating responses (Pattern AB), and (d) 
discriminative mediating responses and then 
a common terminating response (Pattern 
BA). 

The sets of more similar initiating stimuli 
consisted of stylized line-drawings of faces 
or of houses which differed along but one 
dimension. The sets of less similar faces or 
houses differed along three dimensions, 
Ninety-six children, ages 8 to 11, in Grades 
2-6, were assigned to eight groups of 12 Ss 
each, equated as nearly as possible for age, 
sex, and IQ. 

Comparisons of experimental and control 
conditions indicated that the predicted posi- 
tive transfer had occurred with both Pattern 
AA and Pattern BB. Faster learning was 
obtained with more similar stimuli for Pat- 
tern AA and with dissimilar stimuli for Pat- 
tern BB. Also confirmed were predictions 
of negative transfer under the experimental 
condition with Pattern AB and Pattern BA 
and of faster learning with more similar 
stimuli for Pattern BA and with less similar 
stimuli for Pattern AB, The common ter- 
minating response of Patterns AA and BA 
was acquired faster than the discriminative 
terminating responses of Patterns BB and 
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AB. The overall findings were consistent 
with the general notion of the importance of 
verbal mediating responses in concept forma- 
tion and, more specifically, with predictions 
based on the four different patterns of rela- 
tionships among initiating stimuli, mediating 
responses and stimuli, and terminating re- 
sponses each in combination with more 
similar and less similar initiating stimuli. 
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ROLE OF INSTRUCTIONS IN TWO-CHOICE VERBAL 
CONDITIONING WITH CONTINGENT 
PARTIAL REINFORCEMENT ' 
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In two-choice verbal conditioning 
with contingent partial reinforcement, 
E arranges for environmental event 
E; to follow S’s A; response with a 
fixed probability mı and, similarly, 
event E» to follow S’s As response with 
a fixed probability mə. In this condi- 
tioning procedure S is not given the 
outcome of the alternative, nonpre- 
dicted response on the nonreinforced 
trials. As a consequence, he may 
assume that either this response, if 
made, would have been rewarded, or 
the trial is a blank one* where no 
reward event follows either response. 
It should be obvious, then, that these 
hypothetical outcomes assumed by S 
can be a source of uncontrolled, and 
differential, reinforcement on the Aj 
and A, response tendencies. 

The present study attempted to 
. partially control S’s choice of out- 
comes with the use of preconditioning 
instructions which varied in the in- 
formation about outcomes on the non- 
reinforced trials. One group of Ss 
(Group A) was told that all nonrein- 


1 This research was supported by a Faculty 
Research Grant from the Graduate School of 
Indiana University. The author is indebted 
to George Sumner, United States Army, for 
making available army trainees to serve as 
Ss and for his work in a preliminary investiga- 
tion of the problem treated here. 

2? Now at Chatham College, Pittsburgh, 
Pennsylvania. 

on In the experimental literature, the blank 
trial is most frequently treated as an experi- 
mental operation where no response receives 
event E on a particular trial. In this study, 
however, it will refer only to S’s covert 
PePe of “blank trial” to a nonreinforced 
rial. 


forced trials were to be treated as 
indicating the nonpredicted response, 
if made, would have been rewarded. 
Another group (Group B) was in- 
structed that these trials were some- 
times wrong predictions (i.e., Group 
A’s instructions) and on other occa- 
sions, blank trials. A third group 
(Group C) was given no information 
about the nonreinforced trials. 


An interesting aspect about these 
instructions groups is that the order 
among their mean terminal A; response 
rates can be predicted with statistical 
learning theory. According to the 
theory, a blank trial has no effect on 
either A; or Ag response tendencies 
(Atkinson, 1956) so that if all nonrein- 
forced trials were treated as blank trials, 
the expected asymptotic level of Ai 
: : Tı 
responding would approximate nA 
(Neimark, 1956). On the other hand, 
if all nonreinforced trials were considered 
as wrong predictions, the expected 

eats (Estes, 
Del — | 
1954). It also can be easily shown with 
simple algebra that for mı > m2, the first 
asymptotic expression is larger than the 
second one for all values of mı, and T2 
between zero and one. Now, since 
Group B is instructed with both out- 
comes of nonreinforced trials, its mean 
response rate should approach some ý 
limit lying between these two theoretical 
asymptotes. The same would also apply 
to Group C inasmuch as the majority 
of its Ss would be expected to treat some 
nonreinforced trials as blanks and others 
as wrong predictions even though not 
specifically instructed to do so. How- 
ever for Group A, which is given only the 


asymptote would be 
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wrong-prediction instructions, the ter- 
minal rate should approach the value of 
the second asymptotic expression and 
thus be lower than the other groups. 


Previous attempts (Anderson & 
Grant, 1957; Brand, Sakoda, & Woods, 
1957b) to influence response rates by 
varying instructions in the Humphreys- 
type verbal conditioning situation 
have met with failure, which may 
simply signify that the instructions 
employed in these studies were inade- 
quate in producing the desired sets 
(Kendler, 1959, p. 69). The present 
study uses instructions that are some- 
what different from those of the earlier 
studies and has the additional merit 
of being able to tie them to specific 
predictions from statistical learning 
theory. 

An additional problem considered 
here was concerned with the value rı 
may take. Some investigators (Brand, 
Sakoda, & Woods, 1957a) have found 
evidence to question the assumed cor- 
respondence between instructions like 
those given to Group A and S’s 
tendency to treat the nonreinforced 
trials as instructed, particularly when 
the reinforcement levels are low. In 
the present study mı was factorized 
with the three sets of instructions 
while r was held constant. In this 
case, however, statistical learning 
theory allows no specific predictions 
about the possible interaction between 
these variables. 


METHOD 


Subjects —The Ss were 120 United States 
Army trainees of college age at Ft. Benjamin 
Harrison. The Ss reported in alphabetical 
order for the training session. Each then was 
randomly assigned to one of the experimental 
conditions but with the restriction that a 
replication of the design was completed before 
beginning with the next replication. Three 
Ss were discarded but replaced with others, 
two because of E error and a third because 
he admittedly alternated his key presses. 


Apparatus —During training, S sat under 
a hood facing a stimulus panel: all S-side 
surfaces were painted flat black. At the 
base of the stimulus panel were mounted 
two telegraph keys and a pilot light above 
each key which served as the reinforcing 
event, E; or Ex. Also mounted on the panel, 
at S’s eye level, was a neon indicating lamp 
which signaled S to select and press one of 
the two keys. 

The E sat on the opposite side of the panel 
from S, recording S’s key presses and pro- 
graming E; and Es with mercury switches. 
The durations of the signal light, the rein- 
forcing event, and the intertrial interval were 
automatically controlled with three Hunter 
Decade timers wired in series. 

The experimental room was dimly illumi- 
nated and outside noises were minimized by 
scheduling training sessions only in evening 
hours. 

Procedure-—After S was seated in front 
of the stimulus panel, the instructions were 
read to him and his questions answered by 
paraphrasing the appropriate parts of the 
instructions. Immediately following, S was 
run through a series of 200 uninterrupted 
conditioning trials. On each trial, the signal 
lamp was lighted for 1 sec. during which 
time S was to press one of the two keys; the 
appropriate E, or no E, followed in the second 
second; after the third second for the inter- 
trial interval, the next trial began. 

The instructions were the same for all 
three groups except for one section which was 
designed to influence Ss’ covert response to 
the nonreinforced trials. For Group A this 
section read as follows: “Sometimes the light 
above the key will come on. But on other 
occasions it will not, which means to you that 
you should have pressed the other key since 
its light was set to come on for that trial. 
You may not, however, press both keys. 
On every trial, you must always press one and 
only one key when the top light goes on.” 
For Group B: ‘Sometimes . . . which means 
to you one of two things: Either, that you 
should have pressed the other key since its 
light was set to come on for that trial, or, 
that it didn’t really matter which key you 
pressed because both lights were disconnected 
and it was impossible to light them by pressing 
the keys. You may not, however, guess that 
no light will appear.” (The last sentence of 
the Group A instructions above.) For 
Group C: (The last sentence of the Group 
A instructions above.) 

Design and randomized sequences of E.— 
Two levels of probability of reinforcement of 
Ai, ™ = .30 or .60, were combined with the 
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PROPORTION OF KEY A RESPONSES 


I-10 Il-40 41-80 81-120 12!-160 16l-200 
TRIALS 


Fic. 1. The mean proportion of A, re- 
sponses plotted as a function of trial blocks 
for six groups which received A, B, or C 
instructions and either 30% or 60% rein- 
forcement on Ai. 


three instructions groups to form a 3 X 2 
design, having 20 Ss in each cell.‘ For all 
six cells, rz was .10. A; was also counter- 
balanced on the right and left sides in each 
cell of the design. 

The selection of key presses to be rein- 
forced was done with 20 unrestricted random- 
ized sequences, a different one for each Sina 
cell. The same 20 sequences were employed 
for the three 30% groups, and a similar 
procedure was followed for the 60% groups. 


RESULTS AND DISCUSSION 


The essential findings of the experi- 
ment are shown in Fig. 1 where the 
mean proportion of A; responses (Key 
A responses) are plotted in trial blocks. 
As predicted from statistical learning 
theory, the figure shows that the A 
groups have the lowest response rates 
over approximately the latter half of 


4A seventh group of 20 Ss received rein- 
forcement probabilities, rı =.60 and +s=.40, 
and the Group C instructions. The purpose 
of this group was to find out if the procedure 
used here would result in matching between 
final response-levels and ~ values when 
mı + ra = 1 as previously reported (Neimark, 
1956). A £ test of the difference between the 
expected (.600) and observed (.553) propor- 
tions of A; responses for the last 40 trials, 
using the pooled within-groups error mean 
Square as population variance estimator, 
gave a value of 1.93, which for 133 df lacks 
significance at the .05 level; the matching 
hypothesis, therefore, could not be rejected. 
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conditioning while the B and C groups 
are approaching similar rates near the 
close of the conditioning series. 

The reliability of these differences 
was tested in a modified form of the 
analysis of variance. Using the Ai 
response frequencies on the last 100 
trials, the differences among the three 
instructions groups, combined on the 
mı variable, were tested against the 
within-groups variance estimate. Be- 
cause the order among the terminal 
response rates of these groups was an 
a priori prediction, the following two 
orthogonal comparisons were tested 
rather than the overall comparison 
of group means: A vs. BC and B ys. C. 
The F ratio for the A vs. BC compari- 
son was found to be 4.35 (df = 1/114, 
.05 > P > .025);5 the F ratio for the 
B vs. C comparison was less than one. 

A similar analysis also was made 
on the first 40 conditioning trials 
as a check for possible initial differ- 
ences between the instructions groups: 
all the F ratios turned out to be less 
than one. However, these nonsignifi- 
cant differences are not attributable 
necessarily to any larger variability 
in Ss’ response rates on these trials 
than on later ones. A comparison 
of the within-groups variance esti- 
mates of the first and last 40 training 
trials found them to differ but slightly 
(18.11 and 18.39, respectively), yet 
the reliability of differences among 
the three instructions groups on the 
last 40 trials was the same as reported 
above for the final 100 trials. 


By contrast, the findings here stand 
as an exception to other studies (Ander- 


* Ina recent article on multiple-comparison 
tests, Ryan (1959) has suggested (after 
Tukey) that where several comparisons be- 
tween individual groups means are involved, 
the significance level be lowered to maintain 
a constant error rate. Because the a priori 
predictions dealt with in this study were 
based on a well-known theory, the .05 level 
was kept here. 


a= 
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son & Grant, 1957; Brand et al., 1957b) 
which failed to find any effect from vary- 
ing instructions in the Humphreys-type 
verbal conditioning situation. As stated 
earlier, the instructions here differed from 
theirs, which may account for the differ- 
ence in outcomes. Also, in view of our 
findings, the usual conclusion drawn that 
negative results with respect to instruc- 
tions simply indicated the stability of be- 
havior in this conditioning situation is 
now open to question. 

An interaction between instructions 
and reward levels was expected on the 
basis that Ss receiving the wrong-predic- 
tion instructions may disregard them 
when reward levels are low. Here, this 
means the 30%-A group should depart 
from its predicted asymptote more than 
should the matched 60% group. At 
first glance, Fig. 1 favors this possibility 
by the smaller difference in terminal 
response rates for the 30%-A vs. 30%- 
BC groups than for the similar 60% 
groups, particularly on the last trial 
block. On closer analysis, however, this 
interaction was found rather to result 
from the 30%-B and 30%-C groups 
having terminal rates relatively closer 
to 30%-A’s predicted asymptote in com- 
parison to the parallel relationship in 
60% groups. Also to be noted is that 
failure of the A groups to depart from 
their predicted asymptotes in the ex- 
pected direction was not consistent with 
the findings of others (Brand et al., 
1957a). This discrepancy can be ex- 
plained, in part at least, in terms of the 
several ways their instructions differed 
from Group A’s instructions, even though 
they were logically equivalent to the 
latter. This would seem to be a reason- 
able assumption on the grounds that in- 
structions in both studies were designed 
to influence how the S should consider 
the nonreinforced trial which, in turn, 
would affect response rates. 


SUMMARY 


The present study varied instructions 
which dealt with how Ss should consider the 


nonreinforced trials in the two-choice con- 
tingent partial reinforcement situation: Group 
A was told to treat nonreinforced trials as 
making wrong predictions; Group B was told 
that these trials could be either wrong pre- 
dictions or blank trials; Group C was told 
nothing about the nonreinforced trials. The 
order among the mean terminal response 
rates of the three instructions groups was 
predicted from statistical learning theory 
and confirmed: Group A had a lower mean 
rate during the last 100 of 200 trials than the 
other groups, and Groups B and C had 
somewhat similar mean rates. By contrast, 
differences among these groups on the first 40 
conditioning trials were negligible. 

Also investigated was a possible inter- 
action effect between these instructions 
groups and reinforcement levels (30% and 
60%) for the A; response. No interaction 
in the expected direction was obtained. 
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INFORMATION DEPRIVATION AS A MOTIVATIONAL 
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In the eleven years since psycholo- 
gists were introduced to information 
theory by Miller and Frick (1949), 
several hundred articles in that area 
have appeared in psychological and 
related journals. In general, how- 
ever, these studies have been tied 
closely (conceptually) to the electri- 
cal communication system model, and 
few attempts have been made to relate 
information theory to existing theoret- 
ical positions in psychology. Berlyne 
(1957b) has commented on the “un- 
mistakable affinities” between infor- 
mation theory and S-R theory and 
suggested the value of attempting an 
integration of the two theories. In 
this context he proposed a ‘‘degree of 
conflict” measure (related to informa- 
tion measures of “uncertainty”) and 
discussed its usefulness in assessing 
such variables as emotional disturb- 
ance, reaction time, drive, curiosity, 
stimulus complexity, and reward. 

The research reported here is the 
first of a projected series intended to 
assess the relationship between infor- 
mation theory extensions in psychol- 
ogy and S-R reinforcement theory. 
This paper attempts to demonstrate 
that information deprivation func- 
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tions as a motivational variable and 
that the information-deprived S will 
execute, with increasing frequency, 
instrumental responses which cause 
increasing amounts of information to 
be introduced into the environment. 
Information is defined as the reduc- 
tion of uncertainty in a receiver 
(Shannon, 1948). In order to deprive 
S of information, then, an experi- 
mental environment of maximal cer- 
tainty of stimulation must be devised. 
In the limiting case, if for a given S 
there is perfect and continuing cer- 
tainty regarding the aspects of the 
environment, then no uncertainty can 
be reduced. In the present study, 
maximal certainty of the environment, 
or information deprivation, was pro- 
duced by isolating S in a lightproof 
chamber with audition greatly re- 
stricted. The environment is similar 
to that employed in various ‘‘sensory 
deprivation” studies (e.g., Bexton, 
Heron, & Scott, 1954; Heron, Doane, 
& Scott, 1956; Vernon & Hoffman, 
1956), but serves here a very different 
theoretical purpose and is associated 
with a different dependent variable. 
In the present study the dependent 
variable was frequency of an instru- 
mental response which presented pat- 
terned series of faint lights to S’s view- 
The main hypotheses may be stated 
as follows: (a) Human ‘Ss in a condi- 
tion of information deprivation will 
learn and maintain an instrumental 
response associated with the occur- 
rence of light stimulation. (b) The 
rate of instrumental response will be 
an increasing monotonic function of 
hours of deprivation. (c) The fre- 
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quency of instrumental response will 
be an increasing monotonic function 
of the amount of information con- 
tained in the patterning of the light 
stimuli. 

The published research most clearly 
related to these hypotheses comes 
from the areas of perceptual ‘“curi- 
osity” and exploratory behavior. In 
a study of conflict and information 
theory variables related to human 
perceptual curiosity, Berlyne (1957a) 
utilized visual incentives differing in 
degree of relative uncertainty. The 
Ss were allowed to respond as often 
as they wished to produce brief ex- 
posures of cards showing various pat- 
ternings of simple geometric figures. 
Frequency of response was directly 
related to the asymmetry, irregularity, 
or complexity of figures, and inversely 
related to their redundancy. To the 
best of the writers’ knowledge, this is 
the only study of an information 
dimension of visual incentives with 
human Ss. Studies related to an 
information drive variable in human 
Ss appear to be totally lacking. 


EXPERIMENT Í 
Method 


Subjects —Eight undergraduate male vol- 
unteers from the University of Pittsburgh 
served in this study. They were paid $12.50 
per day. Data relevant to a particular aspect 
of the problem are available for an additional 
10 Ss. 

Experimental design.—The Ss were main- 
tained in a condition of information depriva- 
tion for a period of 12 hr. on each of 4 days. 
The four experimental sessions were separated 
by 2-day intervals. Four degrees of informa- 
tion in light series were employed; the relative 
information values were .00, .33, .67, and 1.00. 
On each day, S’s instrumental response was 
followed by one only of the four series. All 
Ss received all four information series over 
the four days. The order in which Ss received 
the information series over the four days was 
systematically varied in a latin square design. 

Response functions plotted over the 12-hr. 
experimental session would be difficult to 
interpret if S’s fluctuations between sleep 
and wakefulness were not known. For this 


reason, the decision was made to try to keep 
all Ss awake throughout by the administration 
of a 15-mgm. dexedrine spansule. This dosage 
was sufficiently low that no side effects of any 
sort were observed by Es, or reported by Ss, 

The information variable—The S's instru- 
mental response consisted of a button press. 
Each response activated electronic program- 
ing apparatus which caused a series of light 
flashes to appear on a panel in the ceiling of 
the experimental room. There were two 
classes of light flashes, red and green, Each 
was produced by a very weak current to a 
small neon bulb behind a heavy glass lens, 
The two lenses were 4 in. apart. The flash 
was sufficiently faint as to illuminate no part 
of the room to the dark-adapted eye. 

Each series, regardless of information value, 
always consisted of 24 flashes appearing 
singly at 1-sec. intervals. The apparatus was 
devised so that a light series in progress would 
not be affected by additional button presses, 
The various relative information values de- 
pended upon the proportion of the 24 flashes 
which were random (or “uncertain,” from S’s 
standpoint). The relative information value 
of .00 was represented by zero randomness, 
i.e., 24 lights of a single, fixed color. The 
relative information value of 1.00 was repre- 
sented by a random determination of color 
for each of the 24 flashes. The intervening 
values of .33 and .67 were associated, respec- 
tively, with one-third and with two-thirds of 
the 24 flashes determined randomly with 
regard to color. The latter two types of series 
are summarized as follows, where F refers to a 
flash of fixed color, R to a flash of randomly 
determined color: 


Ire = .33 FFRFFR etc. 
Iei =.67 FRRFRR etc. 


The color of F, the fixed flash, was sys- 
tematically varied over Ss and over the four 
days and four information values. For a 
given S on a given day, however, the color 
of the fixed flash was always the same, 
regardless of the number of responses made. 

Procedure.—Subjects were called in groups 
of three (the number of Ss run concomitantly) 
to a brief meeting two or three days before 
the first experimental session. At that time 
they were instructed not to drink alcoholic 
beverages, and to go to bed by 11:00 P.M., on 
the evening preceding an experimental day. 
They were instructed not to eat or drink any- 
thing prior to coming to the experiment, as 
they would be given breakfast upon their 
arrival. Conditions of payment were also 
discussed. Total payment was to be made 
at the conclusion of Day 4; Ss failing to ap- 
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pear for any of the four sessions would forfeit 
all pay. 

" Each experimental session began at 8:00 
A.M. with Ss to appear at 7:15. On Day 1, 
the three Ss were given general instructions 
orally, in a group meeting. The experiment 
was introduced as a “‘study of boredom.” 
The Ss were informed that they were simply 
to lie quietly on a bed in a darkened room 
and that no activity of any kind would be 
permitted other than eating and using the 
toilet. An exception to this rule was that, 
whenever they wished, they could press a 
button at the side of the bed which would 
cause a series of light flashes to appear in the 
ceiling, Subjects were urged to avoid formu- 
lating rules governing their use of the button, 
and to respond or not simply as their moment- 
to-moment impulses directed. Complete 
instructions were given regarding such me- 
chanical aspects of the experiment as the 
method of feeding, use of the toilet, etc. 

The Ss were then taken to separate, light- 
proof experimental rooms to await breakfast. 
Each room was bare of all furnishings except 
a bed, mounted to the floor on heavy felt 
pads, Subjects were instructed to practice 
going from the bed to the toilet with eyes 
closed, so that they could later do so in the 
dark without danger of falling. 

After S had eaten breakfast, EZ entered to 
give final instructions. The S was shown 
the button on the end of a flexible cord at the 
side of the bed and informed exactly as to the 
nature of the light series that would occur 
following each press of the button. It was 
emphasized that the pattern of lights (which- 
ever of the four information series was as- 
signed to S on that day) would not change 
throughout the course of the day, and that 
S should feel free to use the button as often 
or as seldom as he wished. In explaining 
what kind of light series S would receive, E 
pointed out the serial location of the fixed 
and random flashes and made certain that 
S understood the concept of randomness and 
that a random flash was “rerandomized” 
in the series produced by further button 
presses. The Ss were not informed, at the 
beginning of any of the four sessions, as to the 
nature of the light series to be encountered 
in subsequent sessions. At the conclusion of 
these instructions, S fitted beeswax and cotton 
Plugs in his ears and put on acoustical “ear- 
muffs” (a product of Mine Safety Co. called 

Noise-Foe”), The light was then removed 
from the room and S immediately made two 
“trial” responses, causing two series of 24 
lights to appear. The beginning of the 12-hr. 
session was dated from that point; the two 
trial responses were not included in the data. 
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A continuous recording of the button- 
pressing response was kept by Esterline-Angus 
equipment. 

The Ss were given no information as to 
the number or time of feedings they would 
receive. All Ss received three mea 
4 hr. apart, during each 12-hr. session. The 
time of the first meal, however, was varied 
systematically over the first 4 hr. of the 
session. The meals were put in trays which 
E pushed across the floor to the bed with a 
pole, while standing in the doorway of the 
experimental room. The doorway was 
“light-locked” to preserve the deprivation 
situation. The Ss typically reported being 
unaware of the presence of Æ until the signal 
for food was given (two raps of the pole 
on the leg of the bed). At no other time 
was the experimental room entered. 

At the conclusion of each 12-hr. session, 
Ss individually answered a brief question- 
naire concerning their reactions to the experi- 
ment and their physical comfort. This was 
principally for the guidance of Es and was not 
intended as an experimental variable. 

After Day 1, Ss went to their rooms im- 
mediately upon arrival, without repetition 
of the group-administered instructions of the 
first day. At the beginning of each session, 
however, the nature of the light series for 
that day was carefully explained individually 
to each S. 


Results 


Data relevant to the hypothesis 
that Ss in a condition of information 
deprivation will learn and maintain 
an instrumental response associated 
with the occurrence of light stimula- 
tion, are available for the eight Ss of 
the latin square design and for 10 
additional pilot Ss. Of these 18 Ss, 
14 made more than two responses 
in each experimental session. (Lower 
response frequencies were disregarded 
as possibly due to “chance” or non- 
intentional pressing of the button.) 

For the eight Ss of the latin square 
design, the mean numbers of responses 
for each of the four experimental days 
were, successively, 143, 42, 41, and 
72. There was great inter-S vari- 
ability; the SDs were 111, 43, 36, 
and 100. The 10 additional pilot Ss 
did not each complete all four days, 
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TABLE 1 


ANALYSIS OF VARIANCE oF PROPORTIONS OF 
RESPONSEs: Exp, I 


Source df| MS F 

Days (D) 3 |.035} 3.50* 
Information values (I) | 3 |.007 -70 
Pooled error 18 |.010 

residual 6 |.017 | 2.83 

D X Ss within orders |12 |.006 
Hours (3 hr, periods) (H) | 3 |.027 | 13.50*** 

linear 1 |.040 | 20.00*** 

quadratic 1 |.041 | 41.00*** 

cubic 1 |,001 — 
Pooled error 21 |.002 

linear 7 |.002 

quadratic 7 |.001 

cubic 7 |.004 
DXH 9 |.006} 3.00* 
IXH 9 |.003 | 1.50 
Pooled error 54 |.003 

residual 18 |.005 | 2.50* 

D X H X Ss within 

orders 36 |.002 
*P <.05, 
WHF Pi < 001. 


and for that reason their data were 
not pooled with the others in the 
means and SDs just cited; their 
response frequencies were generally 
consistent with those values, however. 

Table 1 summarizes the repeated 
measurements analysis of variance of 
trends (Grant, 1956) of the data for 
the eight Ss of the latin square design. 
Data are the proportions of total 
responses tabulated over 3-hr. periods 
of each of the four experimental days; 
thus, for each S there are 12 values 
summing to one. Response was 
found to have both a significant 
linear and quadratic relationship to 
hours of deprivation (linear F =20.00, 
df=1/7, P<.01; quadratic F=41.00, 
df = 1/7, P < .01). As may be seen 
in Fig. 1, the overall linear trend is an 
increasing one over time; the quad- 
ratic trend refers to the falling off of 
response in the final 3-hr. period. 
The distribution of responses over 
the four experimental days is shown 
in Fig. 2. Response is a significant 
decreasing function of days (F=3.56, 


df = 3/18, P< 05). The Hours 
X Days interaction is also significant: 
(F = 2.81, df = 9/36, P< 05), re- 
flecting the fact that the response 
functions increase less rapidly over 
time upon successive experimental 
days. (Figure 2 shows an alternative 
plot of the data in which Subject AD 
was excluded. During Day 4 AD 
reported seeing a spark or speck of 
light inside his button. Curiosity 
over this caused him to press the 
button several hundred times in rapid 
succession, thus substantially raising 
the group mean for that day. The 
Es afterward could determine no 
malfunction of the button and were 
unable to verify S's observation. 
Such an extended series of responses 
is highly atypical, and the alternative 
plot in Fig. 2 is offered to suggest 
that the “true” group function prob- 
ably approaches asymptote on Day 4. 
Data for AD were included in the 
analysis of variance.) 
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sponses as a function of successive days of 
experimentation: Exp. I. 


No significant differences were 
found between the proportions of re- 
sponses associated with the four infor- 
mation values of light series. This 
relationship was less adequately tested 
than the others, however, for the 
reason that rate of response was very 
much higher on Day 1 than on suc- 
ceeding days; thus the data on Day 1 
to a great extent determined the 
shape of all trends. The latin square 
design provided that a particular in- 
formation value of light series would 
occur on Day 1 for two Ss, on Day 2 
for a different two Ss, etc. Thus, 
there was an “effective” N of 2 for 
the assessment of main effects of 
information values, due to the strong 
decremental trend over days. 


EXPERIMENT II 


The principal purpose of Exp. II was 
to provide a more adequate assessment 
of the hypothesis that frequency of in- 
strumental response will be an increasing 
monotonic function of the amount of 
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information contained in the patterning 
of the light stimuli. 

A second purpose was related to the 
interpretation of the finding in Exp. I 
that the rate of the instrumental response 
was linearly related to hours of depriva- 
tion. This suggests that information 
deprivation may function as do some 
physiological drives, in becoming more 
intense—and thus leading to increased 
goal activity—over increasing periods of 
deprivation. In the Hullian view, this 
interpretation is clouded by the formula- 
tion that performance is a function of 
drive and habit strength: sEr =f (HX D). 
In Exp I, all Ss were free to respond and 
to receive the information incentive from 
the beginning of each session; thus, the 
increasing response function over time 
could be mainly or entirely a result of 
increased habit strength associated with 
increasing numbers of reinforced trials— 
without any contribution of an informa- 
tion drive variable. In Exp. II an at- 
tempt was made to examine the drive 
variable directly through the use of 
groups of Ss differing in their degree of 
deprivation before being allowed access 
to the incentive. 

A third purpose was to introduce a 
control series of light stimuli. Should 
it be found that Ss respond more fre- 
quently to produce light series of higher 
degrees of information, it might be 
argued that the determining character- 
istic of the incentive is its variability 
rather than its uncertainty—or random- 
ness—per se. For this reason, Exp. II 
included a fifth light series, which had 
zero relative information value, because 
the series was completely “fixed” or 
predictable, but which had maximum 
stimulus variability in the sense of maxi- 
mum alternation of stimulus categories. 
This control series consisted of a fixed, 
single alternation of red and green flashes. 
If variability, or stimulus change, is a 
crucial aspect of the incentive, then Ss 
should respond just as frequently to this 
control series, designated 04 (zero infor- 
mation, alternation), as to the informa- 
tion series 1, which represents maximum 
information and also a high degree (ran- 
dom alternation) of stimulus change. If, 
however, it is information or uncertainty 
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per se which is the crucial aspect of the 
incentive, then response to the 04 series 
should not differ significantly from re- 
sponse to the 0 series, both being less 
frequent than response to series of higher 
information values. 


Method 


Subjects—The Ss were 26 undergraduate 
male students from the University of Pitts- 
burgh. Each S was paid $12.00. 

Experimental design—Each S was main- 
tained in a condition of information depriva- 
tion for one 10-hr. period. Subjects were 
divided into two groups of 13 each. The first 
group was not allowed to use the button or to 
receive the light series until a signal had been 
given 1 hr. after the beginning of the session, 
The other group was not allowed to use the 
button until a signal was given after 5 hr. 
had elapsed. In all other respects the groups 
were treated identically. The 1-hr. signal 
group is called Group I, and the 5-hr, signal 
group is called Group V. Not all Ss success- 
fully completed the experimental session; the 
causes of attrition will be noted under the 
appropriate sections below. 

Each S was provided with a small control 
panel with one button and a dial which could 
be put in one of five positions. The S was per- 
mitted a “cafeteria” selection from among the 
the four light series of Exp. I, with relative 
information values of 0, .33, .67, and 1, plus 
the control series, Oa. The order with which 
the various light series were assigned to dial 
positions was systematically varied, As 
in Exp. I, the color of the redundant or 
“fixed” flashes was constant within Ss but 
systematically varied among Ss. 

Procedure.—Except as specifically indi- 
cated to the contrary, the procedure was in all 
ways identical to that of Exp. I. The Ss 
arrived at 8:20 a.m. and received breakfast 
and instructions prior to entering the depriva- 
tion situation at 9:00 a.m. They were given 
group instructions similar to those for Exp. I, 
but with the following additional paragraph: 


It has been found in previous research 
that such boredom may be alleviated some- 
what by the presentation of series of brief 
light flashes in the room. The purpose of 
this experiment is to find out what kinds of 
series work best—that is, what kinds of 
patterns of lights are most helpful in re- 
lieving boredom. As you lie on the bed 
in the darkened room, there is one thing 
you will be allowed to do. Whenever you 
wish, you may push a button at the side 
of the bed which will result in a series of 


brief light flashes in the ceiling. There 
will be a dial which may be set in any one 
of five positions, which will determine the 
kind of series—or pattern—which will 
occur. Exactly what the different series 
will look like you will see later, The main 
thing to remember is that you may push 
the button as often as you wish, for which- 
ever pattern you wish. 


At the conclusion of the instructions, Ss 
were taken to their individual experimental 
rooms for breakfast and for final instructions. 
As in Exp. I, each S was given detailed in- 
structions in the use of the apparatus and 
complete information as to the light series 
associated with each dial position. They 
understood that the light series associated 
with particular dial positions would not 
change in any way throughout the session, 
They were told not to use the apparatus until 
a signal was given, and that the time of the 
signal would be determined randomly. Fol- 
lowing the signal, the apparatus would be 
continuously operative until the end of the 
session, Each S was instructed to check his 
understanding of the apparatus by trying 
each of the five light series twice in succession, 
following which the 10-hr. deprivation period 
was begun. 

During the 10-hr. period, Ss were fed in the 
manner described above for Exp. I. After 
1 hr., Ss of Group I were each given the signal 
that the light apparatus was available, and 
similarly for Group V after 5 hr, The signal 
was administered by Æ giving six short raps 
on the leg of the bed with a pole while stand- 
ing in the doorway of the experimental room. 
As in the case of feedings, the doorway was 
carefully light-locked and Ss afterward re- 
ported not being aware of the presence of E 
until the raps actually occurred, 


Results 


In Fig. 3, the mean proportion of 
responses to each of the five light 
series is given. Proportions were com- 
puted for each S and then averaged, 
so that all Ss are given equal weight- 
ing despite differences in absolute 
number of responses. The proportion 
for 04 is plotted with the abscissa 
broken to acknowledge that a different 
stimulus dimension (variability or 
alternation, rather than information) 
is involved. Table 2 summarizes the 
analysis of variance of trends for 
these data (Group I and V combined) 
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Fic. 3. Mean proportions of responses asso- 
ciated with the five light series: Exp. II. 


excluding the values for 04, however, 
for the reason just noted, that a dif- 
ferent stimulus dimension is involved. 
Proportion of response is shown to be 
a highly significant linear function 
of the relative information value of 
the light series (F = 23.33, df = 1/25, 
P <.001). No significant differences 
were found between proportions of 
response to 0 and Oa or between 04 
and .33 (P > .05 in each case). 

In Fig. 4, the mean proportions of 
responses are plotted individually for 
Groups | and V as a function of hours 
of deprivation. Separate analyses of 
variance of trends were performed, 
over the 9 hr. of responding for Group 
Land over the 5 hr. of responding for 
Group V. Interaction terms were 
computed according to the method 


TABLE 2 


ANALYSIS OF VARIANCE OF PROPORTIONS OF 
RESPONSES ACCORDING TO THE IN- 
FORMATION VALUES OF LIGHT 
Series: Exp. II 


Source of 


Information values (1) 3 7) S24 
linear 1] .70 


4 23.33*** 
quadratic 1 | .00 
cubic 1] .01 
Between Ss 25 | .04 
1X Ss 75 | .03 
linear 25 | .03 
quadratic 25 | .04 
cubic 25} .03 
EP < 001. 
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suggested by Myers (1959). The 
analysis for Group I is summarized 
in Table 3. The data are the propor- 
tions of responses made to each of the 
four information values, 0, .33, .67, 
and 1, in each of the nine 1-hr. periods. 
Thus, for each S the data consist of 
36 proportions summing to one. ‘The 
analysis is based upon 11 rather than 
13 Ss; the data for two Ss are incom- 
plete owing to apparatus malfunction. 

Response shows a significant down- 
ward linear trend over hours (F=5.53, 
df = 1/10, P < .05). There was a 
significant linear relationship between 


response and the information values 
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sponses as a function of hours of deprivation: 
Exp. II. (For ease of comparison, Group I 
is plotted on Scale A, Group V on Scale B.) 


of light series (F = 23.04, df = 1/10, 
P < .001), which is consistent with 
the analysis summarized in Table 2, 
based upon pooled data of Groups 1 
and V. All interactions of Hours and 
Information Values were nonsignifi- 
cant, except for the cubic Information 
Xquartic Hours component (F=5.02, 
df = 1/10, P < .05). Due to the 
relatively large number of simultane- 
ous interaction Fs, and to the absence 
of any clear rationale for such an 
interaction, this finding is interpreted 
as due to chance fluctuations in the 
data. 

Table 4 summarizes a similar analy- 
sis of variance for the data of Group 
V. The analysis is based upon the 
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TABLE 3 


ANALYSIS OF VARIANCE OF PROPORTIONS OF 
RESPONSES For Group I: Exp. II 


Source df MS F 
Ss 10 | .0000 
Hours (H) 8 | .0040} 1.29 
linear 1} .0083| 5.53* 
quadratic 1 | .0001 — 
cubic 1 | .0007 = 
quartic 1 | .0000 — 
quintic 1 | .0000 — 
sextic 1 | .0034 = 
septic 1 |.0191| 3.35 
octic 1 | .0000 
H X Ss 80 | .0031 
linear 10 | .0015 
quadratic 10 | .0047 
cubic 10 | .0017 
quartic 10 | .0014 
quintic 10 | .0016 
sextic 10 | .0042 
septic 10 | .0057 
octic 10 | .0042 
Information values (1) 3} .0192] 4.36* 
linear 1 | .0553 | 23.04*** 
quadratic 1 | .0005 — 
cubic 1 | .0018 — 
I X Ss 30 | .0044 
linear 10 | .0024 
quadratic 10 | .0076 
cubic 10 | .0033 
I xX He 24 | .0016 
I XH X Ss 240 | .0028 


* All components of interaction also nonsignificant, 
vith single exception noted in text. 
05. 


ere P < 001, 


eight Ss for whom no apparatus mal- 
function occurred and who did not 
violate the requirements of the experi- 
ment by ‘‘jumping the gun” and 
responding before receiving the signal. 
(That the latter was possible at all 
was due to an unforeseen deficiency 
in the apparatus which was subse- 
quently remedied.) As in the analysis 
for Group I, the data are the propor- 
tions of responses associated with 
each information value in each of the 
5 hr. of responding. The trend analy- 
sis over hours shows both the quad- 
ratic and quartic trends to be signifi- 
cant (quadratic F = 50.29, P < .01; 
quartic F = 6.95, P < .05; both with 
1/7 df). The quadratic trend indi- 
cates a negatively decelerated rate of 


response over time. The quartic 
trend reflects a somewhat cyclic fluc- 
tuation of response. The linear rela- 
tionship between response and the 
information values of light series did 
not attain significance, as it did in 
the pooled analysis of Table 2. All 
interactions of Hours and Information 
Values were nonsignificant. 

Figure 5 compares the data of 
Groups I and V in their first 5 hr. of 
access to the incentive. Data are 
the mean absolute numbers of re- 
sponses during each hour. In order 
to provide equal Ns for the analysis 
of variance of trends (summarized in 
Table 5), the first eight Ss run in 
Group I were compared to the eight 
Ss of Group V. The finding of prin- 
cipal interest regarding the interpre- 
tation of information deprivation as 
drive is the significant quadratic com- 
ponent of the Hours X Groups inter- 
action (F=7.52, df=1/14, P102); 
This interaction refers to the fact 


TABLE 4 


ANALYSIS OF VARIANCE OF PROPORTIONS OF 
Responses ror Group V: Expr, IT 


Source df | MS F 
Ss 7 | 0000 
Hours (H) 4 |.0171| 6,11** 
linear 1 |.0128| 2.13 
quadratic 1 | 0352 | 50,29*** 
cubic 1 |.0071| 2.96 
quartic 1 | 0132] 6.95* 
H X Ss 28 |.0028 
linear 7 |.0060 
quadratic 7 |.0007 
cubic 7 |.0024 
quartic 7 |.0019 
Information values (1)| 3 |.0163| 1.79 
linear 1 |.0396| 2.61 
quadratic 1 |.0039| 39 
cubic 1 |.0056| 2.80 
I X Ss 21 | .0091 
linear 7 | 0152 
quadratic 7 | .0100 
cubic 7 | .0020 
I X Ht 12 |.0021 | 1.24 
I XH X Ss 84 | .0017 
* All components of interaction also nonsignificant, 
*P <.05. 
**P <.01. 


He P< 001, 
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sponses during the first 5 hr. of access to the 
incentive: Exp. II. 


that, in their first 5 hr. of access to 
the incentive, Ss of Group V began 
by responding at a much higher rate 
than Ss of Group I, but in successive 
hours responded at a lesser rate, 


TABLE 5 


ANALYSIS OF VARIANCE OF ABSOLUTE NUMBER 
OF RESPONSES FOR Groups I AND V OVER 
First 5 Hr. or Responpine: Exp. II 


—— 


Source df MS F 
Hours (H) 4 | 791 | 7.26*** 
linear t|. 792} 8.16* 
quadratic 1 | 1216 | 15.79** 
residual 2 | 578 
Groups (G) 1 |2112 | 2.47 
H X G 4 | 183| 1.69 
linear 1 76 — 
quadratic 1 579] 7.52* 
residual 2 42 
s 14 | 854| 7.83*** 
Ss X H 56 | 109 
linear 14 97 
quadratic 14 77 
residual 14 | 132 
on en a RO a 
Pp 
BP Sior 
P <.001, 
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approximating that of Group I, fi- 
nally increasing their rate differential 
again in the fifth hour. The signifi- 
cant linear and quadratic trends over 
hours duplicate the finding of the 
earlier analyses (Tables 3 and 4). 
Significant individual differences were 
demonstrated. 

The analyses of variance reported 
thus far, except for the last, have 
been based upon proportions of total 
responses as the dependent variable. 
It was felt that this was the most 
meaningful dependent variable, though 
the choice was to some extent an 
arbitrary one. The possibility re- 
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Fic. 6. Mean proportions of total bits 
received by Ss as a function of hours of 
deprivation: Exp. II. (For ease of compari- 
son, Group I is plotted on Scale A, Group V 
on Scale B.) 


mained that some other dependent 
variable might have yielded additional 
results of importance. As a check on 
this point, the data were retabulated 
in terms of the proportions of total 
bits of information received by S 
which were associated with the various 
information values and hours of dep- 
rivation. These data are presented 
graphically in Fig. 6. A comparison 
of Fig. 4 and 6 shows a clear con- 
gruence between the plots of the two 
different dependent variables. The 
analyses of variance of trends for 
Groups I and V were repeated em- 
ploying the variable of proportion of 
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bits, with the same results as in the 
previous analyses (Tables 3 and 4). 


DISCUSSION 
Information Deprivation as Drive 


The combined results of Exp. I and II 
support the view that information dep- 
rivation functions as a drive variable 
in the same sense as the well-studied 
homeostatic drives of hunger, pain, and 
thirst. 

An adequate test of information dep- 
rivation as a motivational variable rests, 
first of all, upon E's success in eliminat- 
ing all “demand” characteristics of the 
experimental situation for each S, a prob- 
lem recently discussed in another context 
by Orne (1959). That is; S must feel 
entirely free of implicit social pressure 
to perform the response expected by E. 
In this experiment Es took great care to 
impress upon each S that to perform in 
accordance with any conception he might 
have of E's views was a violation of the 
requirements of the experiment, that Æ 
wished only that S would do as he him- 
self felt. Postexperimental questionnaire 
and interview data indicate that this 
effort was successful for most Ss. For 
three of the four Ss (out of 18) in Exp. I 
who made less than the criterion of two 
responses, it was subsequently discovered 
that they had persisted in viewing the 
experiment as a test of their personal 
strength, in which making the instru- 
mental response was an admission of 
weakness. (The second experiment was 
more successful in eliminating this prob- 
lem.) Fourteen of the 18 Ss of Exp. I 
did: perform in excess of the criterion 
number of responses; thus for the major- 
ity of Ss, information deprivation clearly 
functioned as a motivational variable as 
determined by their learning and main- 
taining an instrumental response serving 
to introduce the relevant incentive. 

In designing Exp. I, the attempt was 
made to select an incentive of very low 
magnitude so as to provide for an in- 
creasing response function over a rela- 
tively long period of deprivation. Too 
great an incentive would lead to early 
satiation, with a decrement of response 
and a less clear opportunity to observe 


the energizing effects of successive hours 
of deprivation. That the incentive, in 
fact, was of low magnitude is attested 
by Fig. 1; response rose steadily over 
the first 9 hr., falling off somewhat in the 
last 3 hr. of the session. The reason 
for that decline in response is not clear, 
There is some evidence that Ss had 
minimal cues as to the passage of time 
and that they anticipated the end of 
the session. It is possible that for some 
Ss the dexedrine spansule was no longer 
effective, so that they slept in the final 
hours, thus depressing the group response 
function. If the decrement is not an 
artifact, it might be inferred that the 
satiation part of a drive-satiation cycle 
had begun. 

That information deprivation is a mo- 
tivational variable seemed reasonably 
clear from Exp. I. That it functioned as 
drive in the Hullian formulation was, 
however, not clear owing to the fact 
that habit strength and drive were con- 
founded as determinants of increased in- 
strumental response over time. In Exp. 
II, Ss of Group I were deprived of access 
to the incentive for 1 hr. and Ss of Group 
V were similarly deprived for 5 hr. Ac- 
cording to the information drive hypoth- 
esis, Ss of Group V would be expected, 
in their first hour of access to the incen- 
tive, to make the instrumental response 
much more frequently than would the Ss 
of Group I in a comparable period. Such 
a difference would be due to the differ- 
ential effect of drive level on the per- 
formance of the two groups, since initial 
habit strength is presumably the same 
in each group. With successive hours 
of continuous access to the incentive, 
however, the effects of the difference in 
drive (hours of deprivation) should 
diminish, so that the high rate of response 
in Group V should decrease and more 
nearly approximate the response rate of 
Group I. Such a relationship did, in 
fact, occur. In general the data support 
the view that the increasing response 
rate over deprivation time observed in 
Exp. I (Fig. 1) is dependent at least in 
part upon increases in drive rather than 
increases in habit strength alone. 

A finding that is somewhat trouble- 
some to interpret is that of decreasing 
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response over the 4 days of Exp. I 
(Fig. 2). This apparent ‘“‘accommoda- 
tion” effect may be the result of several 
factors which may only be speculated 
about at this stage. One of the more 
plausible explanations has to do with 
the presence of irrelevant drive, anxiety, 
which differentially increases perform- 
ance on Day 1. The Ss of Exp. I, com- 
mitting themselves to a 4-day series, were 
understandably somewhat apprehensive 
on Day 1. After Day 1, when they 
learned that Es did not in fact stress or 
“trick” them in any way, it seems likely 
that their anxiety was sharply reduced, 
with the result that performance dropped 
to a level associated principally with the 
relevant drive—information deprivation. 


Information as Incentive 


The results of Exp. II clearly verify 
the hypothesis that the frequency of 
instrumental response is an increasing 
monotonic function of the amount of 
information contained in the light series. 
Also, the relationship is linear. 

It is believed that the incentive was, 
specifically, a stimulus serving to reduce 
uncertainty in S, i.e., a stimulus con- 
taining information—or some degree of 
unpredictability. It was shown that 
when Ss respond maximally to informa- 
tion series 1, they are not responding 
simply or primarily to the alternation 
of stimulus categories, for they respond 
at a relatively low rate when the series 
contains maximal alternation but is com- 
pletely redundant. This is not to say 
that differences in degree of alternation 
or stimulus change may not have differ- 
ential incentive value when relative in- 
formation is held constant. From the 
present study, however, we infer at least 
that information is the more potent di- 
mension of incentive. 

For both Exp, I and II, the procedure 
was devised so as to reduce as nearly to 
zero as possible any “problem-solving” 
motivation underlying the response of 
button pressing. Had Ss been given no 
knowledge of the nature of the light 
series, it seems likely that considerable 
button pressing might have occurred 
associated with their attempts to dis- 
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cover the patterning of the light flashes, 
Instead, Ss of these experiments were 
given complete knowledge of the sta- 
tistical characteristics of the light series, 
plus orientation trials in which S was 
able concretely to verify what E had 
told him. Thus, once the experimental 
session was begun, Ss understood that 
their responses could not result in addi- 
tional understanding of the patterning 
of the light series. With each button 
press, their uncertainty would be reduced 
only by the presentation of flashes whose 
color had been established randomly. 


Information Concepts Applied to Ex- 
ploratory and Curiosity Behavior 


The results of this study suggest that 
information theory concepts may be help- 
ful in achieving some unification of the 
various related, but somewhat unin- 
tegrated views of exploratory, manipu- 
latory, and curiosity behavior. It seems 
possible that all such behaviors may be 
referred to information motivation or 
drive, i.e., motivation for the reduction 
of uncertainty. Whether the organism 
is motivated by manipulatory incentives 
(Harlow & McClearn, 1954); visual ex- 
ploration (Butler, 1953), maze explora- 
tion (Montgomery, 1954; Montgomery 
& Segall, 1955), the investigation of 
novel stimulus objects (Berlyne, 1955), 
or the investigation of portions of the 
environment in which cue alternation 
has occurred (Kivy, Earl, & Walker, 
1956; Williams & Kuchta, 1957), the 
reduction of uncertainty may be regarded 
as the crucial aspect of the behavior. 
A virtue of the information formulation 
is that it is completely general, and may 
be applied to any performance, to any 
stimulus situation. 

The utility of the informational ap- 
proach seems particularly clear in the 
quantification of the incentive, a problem 
apparently not dealt with previously 
except for a somewhat tangential treat- 
ment in Berlyne’s (1957a) study of per- 
ceptual curiosity. How many units of 
incentive are associated with a mechan- 
ical puzzle? How many with a checker- 
board maze or with a certain period of 
visual exploration? Formal information 
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measures apply, in principle, to each of 
these situations. More importantly, in- 
formation measures may be used in the 
construction of both unidimensional and 
multidimensional incentives which would 
permit more exact tests of many of the 
ideas underlying what is usually referred 
to as exploratory or curiosity behavior. 
Finally, a semantic contribution may be 
made by the information quantification 
of the incentive in that it refers to the 
probabilities of events as viewed by S, 
and may be clearly separated from the 
sheer physical fluctuation of stimulus 
categories. Heretofore both aspects of 
incentive have tended to be lumped 
together confusingly under such terms 
as novelty or stimulus variability. 


SuMMARY 


This study examined the hypotheses that 
information deprivation functions as a moti- 
vational variable and that information-de- 
prived Ss will execute, with increasing fre- 
quency, instrumental responses which cause 
increasing amounts of information to be 
introduced into the environment. 

College Ss served in a condition of informa- 
tion deprivation produced by isolation in 
lightproof chambers for 8- or 12-hr, periods, 
In Exp, I, they were allowed to press, when- 
ever they wished, a button which caused 
patterned series of lights to appear in the 
ceiling. The Ss received a different degree 
of relative information in the light series on 
each of 4 experimental days. Response 
was found to be an increasing linear function 
of hours of deprivation, with a slight decre- 
ment in response in the last quarter of the 
8-hr. session, Response did not show a 
significant relationship to the information 
values of light series, 

In Exp. II, designed to provide a more 
Sensitive test of that relationship and to 
further explicate the motivational variable, 
‘Ss were run over a single 10-hr. period, with 
a “cafeteria” selection of the light series 
made possible by a dial which could be 
readily manipulated in the dark. One group 
of Ss was allowed access to the dial after a 
delay of 1 hr., a second group after 5 hr. 
Response was shown to be a highly significant 
increasing monotonic function of the informa- 
tion values of light series. The 1-hr, and 5-hr. 
groups were shown to have different trends in 
response over hours, which was interpreted as 
Support for a drive formulation of information 
deprivation, 
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RESPONSE PROBABILITY IN A TWO-CHOICE LEARNING | 
SITUATION WITH VARYING PROBABILITY 
OF REINFORCEMENT ! 
ROBERT H. HICKSON * 


Indiana University 


An asymptotic matching theorem 
from statistical learning theory states 
that the mean asymptotic probability 
of a response is equal to the prob- 
ability that the response is reinforced 
(Estes & Straughan, 1954). This 
prediction has been confirmed for 
several experimental situations where 
a fixed probability of reinforcement 
has been employed for each response 
alternative (e.g., Brunswik, 1939; 
Estes & Straughan, 1954; Grant, 
Hake, & Hornseth, 1951; Lauer & 
Estes, 1954). Estes (1957) has re- 
cently extended the asymptotic match- 
ing theorem to include cases of vari- 
able probability of reinforcement. 
The purpose of the present study is 
to test this theory for the special case 
in which probability of reinforcement 
(m) approaches an asymptote expo- 
nentially. Intuitively, it would seem 
reasonable to suspect that as mr 
changes for two or more response 
alternatives the organism will, more 
or less gradually, adapt his response 
stratagem to the change in x schedule. 
Furthermore, although we might pre- 
dict asymptotic response probabili- 
ties equal to x and 1 — x in a two- 
choice situation, we should perhaps 
expect a “lag” in response probabili- 

1 This study is based upon a portion of a 
dissertation submitted to the Graduate 
School of Indiana University in partial ful- 
fillment of the requirements for the PhD 
degree, The writer would like to express his 
appreciation to W. K. Estes, who directed 
the research. The experiment was conducted 


at Defence Research Medical Laboratories, 
Toronto, Canada, 


1 Now at University of Arkansas, Fayette- 
ville. 
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ties behind the changing r and 1 — m 
values. These two notions of gradual 
adaptation to the changing m value, 
and a “lag” of response probabilities 
behind m are exactly predicted in 
Estes’ (1957) theory. 


Ramond (1954), using a two-choice 
bar-pressing apparatus similar to the 
one used in the present experiment, 
found that for rats on 22-hr. food dep- 
tivation the choice curve differed in 
form from typical selective learning 
curves in that it reached a maximum 
and then slowly declined. With fixed 
m values of .67 for one bar and .33 for the 
other bar, Ss developed a significant 
preference for the .67 bar, and in fact 
reached response probabilities of greater 
than .80 to the more frequently reinforced 
bar before beginning to decline. As elab- 
orated by Ramond (1954), Spence’s 
model (1956) for the forced-choice situa- 
tion predicts that response probability 
to the more frequently reinforced bar — 
would, at maximum, exceed the prob- 
ability of reinforcement before declining 
to approach chance. On the other hand, 
statistical learning theory predicts that 
response probability to the more fre- 
quently reinforced bar would approach 
m exponentially. Since there is no em- 
pirical evidence to support either theo- 
retical model in either a forced-choice or 
correction situation where varying 7 is 
employed with rats, both the forced- 
choice and correction procedures were 
used in the present experiment. 


The specific purposes of this study 
were: (a) to test two predictions of 
Estes’ statistical learning theory for 
the special case of varying probability 
of reinforcement (r) in which 7 ap- 
proaches an asymptote exponentially; — 
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TWO-CHOICE LEARNING 


viz., the predictions concerning learn- 
ing rate and terminal response prob- 
ability; (6) to compare response 
probabilities obtained under two dif- 
ferent procedural conditions; viz., a 
correction procedure and a forced- 
choice procedure; and, (c) to test the 
effect upon subsequent learning rate 
and terminal response probability 
of two methods of establishing ini- 
tial response probability; viz., “‘pre- 
trained” initial response probabil- 
ity vs. “assumed” initial response 
probability. 


METHOD 


Subjects:—The Ss were 120 female albino 
rats of the Wistar strain. All Ss were naive 
and between 90 and 110 days of age at the 
beginning of training. 

Apparatus.—Two pieces of apparatus were 
used. The first consisted of a startbox con- 
nected to a 12-in. runway. A bar-press 
mechanism and food dispenser were at the 
end of the runway opposite the startbox. 
The purpose of the apparatus was to establish 
a stable bar-press latency for each S. 

The main apparatus, a two-choice bar- 
pressing chamber connected to a startbox, has 
been described in detail elsewhere (Ramond, 
1954). Briefly, it consisted of a triangular 
response chamber 18 in. across at the rear, 
12 in. deep, and 10 in. high. A startbox led 
into the front apex of the response chamber, 
The startbox, which was similar to the one 
used in the runway apparatus, was 4 in. high, 
3 in, wide, and 8 in. long. In the two-choice 
chamber either, or both, of the two bars 
could be presented through holes placed near 
the edge of the walls extending from the door 
from the startbox. Raising the metal door 
of the startbox started two Standard Electric 
timers. By pressing a bar şs in. with a 
Pressure of approximately 2 gm. S stopped 
one of the timers; by pressing the other bar 
S stopped the other timer. Through a relay 
circuit the depression of a bar activated a 
solenoid which simultaneously retracted the 
bar and, through a }-in. hole directly below 
the bar, presented a 45-mg. pellet of food in a 
Plexiglas dispenser. A shielded 7-w. bulb 
was located above the bar of the training 
Tunway and above each bar of the two-choice 
apparatus. The total illumination in the 
two-choice apparatus was such that each bar 
and food dispenser could not be seen by Æ 
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(nor, presumably, by S) unless the light 
above was on. 

Feeding schedule—All Ss were placed on a 
22-hr. feeding schedule for seven days prior 
to preliminary training in the runway. Each 
day each S was given 8 gm. Purina chow 
mixed with an equal quantity of water and a 
small amount of cod liver oil. The Ss were 
fed in individual cages for 30 min, during the 
same hour each day. 

Runway training.—Subsequent to the 7 
days of 22-hr. feeding schedule training, the 
120 Ss were given 16 days of bar-press training 
in the single bar runway, Each S$ was given 
three trials per day. The interval between 
trials during runway and two-choice training 
was 15 sec. 

Pretraining in the two-choice apparatus,— 
For each S the dispensation of a food pellet 
from one of the dispensers in the two-choice 
apparatus was designated E,, and from the 
other dispenser as Ex. To counterbalance 
for position tendencies 10 Ss in each group 
were assigned E; to the right dispenser; the 
other 10 Ss were assigned E; to the left dis- 
penser. The probabilities of occurrence of 
the two reinforcing events, E; and Es, were 
r and 1 — r, respectively. The behaviors 
available to S were categorized into two 
classes, A; and As, the former being responses 
resulting in depression of the bar over the E; 
dispenser, and the latter responses resulting 
in depression of the bar over the Es dispenser. 

Following the 16 days of runway training 
Ss were randomly assigned to six groups of 
20 Ss each. During pretraining Group C1 
(correction group) and Group F1 (forced- 
choice group) each received 100% of trials 
reinforced to Es, and no reinforcement to Ey. 
Group C.5 (correction group) and F.5 (forced- 
choice group) each received 50% of trials 
reinforced to Es, and 50% to Ej. Groups 
CN.5 and FN.S5 received no pretraining in the 
two-choice apparatus, but were assumed to 
have equal response probabilities to each of 
the two bars. 

The procedure employed with all correc- 
tion groups for the daily training trials during 
both two-choice procedures was the following: 
S was placed in the startbox; 5 sec. after the 
startbox lid was closed the door leading into 
the two-choice chamber was opened; both 
lights were on and both bars were present. 
If S made an A; response on an E; trial S was 
reinforced for that response and approxi- 
mately 3 sec. later was removed from the 
chamber. If.S made an Ay response on an E; 
trial the bar was withdrawn and S was per- 
mitted to “correct” his response; that is, S 
was permitted to make an A; response, which 
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was reinforced. The same procedures were 
followed if S made an As response on an E: 
trial (i.e., reinforced); or, an Aı response on 
an Ez trial (i.e., permitted to correct). Both 
lights were on for the whole time S was in 
the chamber. 

The procedure employed with all forced- 
choice groups for the daily training trials 
during both two-choice procedures was the 
following: S was placed in the startbox; 5 sec. 
after the startbox lid was closed the door 
leading into the two-choice chamber was 
opened. On E; trials the corresponding light 
was on and the bar was present, whereas the 
light corresponding to Ez was off and the Az 
bar was withdrawn. Similarly, on Ez trials 
the corresponding light was on, and the As 
bar was present whereas the light correspond- 
ing to E; was off and the A; bar was with- 
drawn from the chamber. The response 
choice of S, therefore, was forced according 
to the experimental selection of E1 and Ez 
trials. On all daily training trials for all Ss 
in the forced-choice groups only one light was 
on and only the bar corresponding to that 
light was present. 

For each S response probabilities for each 
ar-press response were evaluated by pre- 
ceding the three training trials of a given day 
pace a test trial. On these single test trials, 
i all groups which were given pretraining, 
oth lights were on and both bars were 
Peet On all test trials each S was rein- 
i E for either response, Ar or As, and 3 sec. 
ns = was removed from the apparatus. Test 
x see were given on alternate days only. 
Da ae pretraining test trials were given on 
Daa gles 10. The test trial was 
Gaus ui iately by the three daily 
Varying m procedure—After establishin; 
Ge Ai and A: response probabilities for 
ee ur groups which received pretraining in 
he two-choice apparatus, all six groups were 

l 30 days of training in the two-choice 
ERS under conditions of varying 7. 
nA A groups m was varied according to the 
A m=a-+ch", where a=.67, c= —.20, 
fished = .85. The reinforced side was estab- 
i ea for each trial according to the 
ahs a appropriate for that trial. No 
N was made to smooth the resulting + 
a cion for each S or each group. The Ss 
fou i Ci, C.5, and CN.5 (correction 
Meese and in Groups F1, F.5, and FN.5 
dail ia oice groups) were each given three 
sate rials according to the methods pre- 
ee prescribed for correction and forced- 
nes ae aE The method employed 
uating response probabilities for each 
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bar-press response during the varying m 
cedure was identical with the method em: 
ployed during pretraining: beginning with 
Day 2, and on alternate successive days, a 
test trial preceded the three daily trials, 


RESULTS 


Runway latencies and 6 estimates. 
An analysis of variance showed no 
significant difference among groups 
in the asymptotic response speeds 
attained during runway training 
(F = 51, df = 5/114). The analysis 
was performed on the last six trials 
of runway training. It was assumed 
that any variation attributable to” 
runway training which transferred to 
the two-choice situation was equally 
represented in all six experimental 
groups. The analysis showed a signifi- 
cant difference among trials (F= 8.61, 
df = 5/570) and it was concluded that 
the groups of Ss had not reached 
stable asymptotic response speeds. 

A parameter @ was evaluated for 
each group by substituting the run- 
way latency data into an equation 
described by Estes (1959, p. 394), 
and solving for 0. The equation rë- 
lates mean latency to # (the minimum 
time required to execute a response; 
which in this experiment was the mean 
for each group of the shortest latency 
during runway training for each 
for each block of three daily trials), 
and n, the number of reinforced trials: 
A 0 value was calculated for each 
block of three daily trials and 
mean @ value computed for the 16 
blocks of trials for each group of S& 
The 0 value obtained for each group 
was : C1=.093; F1=.079; C.5=.067 
F.5=.101; CN.5=.113; FN.5=.064 

Two-choice pretraining—The result! 
of pretraining are shown in Fig. yy 
which shows the percentage choice © 
A; responses on test trials. Five test 
trials were given during pretrain- 
ing before it was decided that Groups 
Ci and Fi had reached the re- 
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PER CENT A, RESPONSES 


TEST TRIAL 


Fic. 1. Percentage choice of Ai responses on 
test trials during pretraining. 


quired response probability level of 
approximately zero for Ai responses. 

Variable m procedure-—The two- 
choice behavior for the six groups 
is shown in Fig. 2, which shows per- 
centage choice of Aj responses on 
test trials for the three correction 
groups and for the three forced-choice 
groups. It is apparent that Ss in 
Group C1 gradually shifted from a 
small percentage of Ai responses to a 
terminal level between 60 and 70%. 
Similarly, Ss in Groups C.5 and CN.5 
gradually shift percentage A, re- 
sponses to the asymptotic probability 
of reinforcement. However, it is 
obvious that all forced-choice groups 
reach response probabilities far in 
excess of the maximum ~r value before 
eventually declining to approximate 
the appropriate m value. 

Theoretical predictions.—An equa- 
tion has been provided (Estes, 1957, 
Eq. 2C) which relates response prob- 
ability to the number of trials, the 
slope parameter 0, and the constants 
employed in the variable + function. 
The adequacy of this theoretical func- 
tion in predicting the performance of 
the correction and forced-choice groups 
on test trials is shown in Fig. 2. The 
three smooth functions shown in Fig. 
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2 describe the theoretically predicted 
percentage of A; responses during the 
varying m procedure for the three 
correction groups. The top function 
(the first to reach asymptote) de- 
scribes the predicted learning rate and 
asymptotic response probability for 
Group CN.5. The middle function 
and lower function describe the pre- 
dicted learning rate and asymptotic 
response probability for Groups C.5 
and C1, respectively. It is clear from 
Fig. 2 that the predicted learning 
rates and terminal response probabili- 
ties are in close agreement with 
empirically obtained results for the 
three correction groups. Since the 
forced-choice groups shown in the 
lower part of Fig. 2 all reached 
response probabilities substantially 
above the maximum level (.67) pre- 
dicted by the theory no detailed 
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DE PRTI 6 6- 10> 12. I4 
TEST TRIAL 


PER CENT A, RESPONSES 


t2 ATUT TS io 12 14 
TEST TRIAL 


Fic. 2. Percentage choice of Ai responses 
on test trials during varying probability of 
reinforcement. (Smooth curves show theo- 
retical predictions for correction procedure 
groups.) 
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TABLE 1 


MEAN A; RESPONSE PROBABILITIES FOR Last 
Two BLOCKS OF THREE Test TRIALS 


Blocks Groos 
of 3 
Trials | ¢; | wy | cs | FS | N.S | FNS 
4 .10 |.67 | .67 .70 58 68 
5 167 | EANES .68 62 63 


comparison was made of theoretical 
and empirical curves for these groups. 

Group  differences.—Analyses of 
variance were performed for com- 
parisons among groups during the 
varying m procedure. For each of 
these analyses the number of Ay re- 
sponses for each S was computed for 
each of three blocks of five test trials. 
This grouping of responses permitted 
a “between-within”’ type of analysis. 

A comparison of Groups C1 and F1 
showed significant between-group dif- 
ferences (F = 11.77, df = 1/38). For 
groups having zero probability of Ay 
(pA; =0) at the beginning of the vary- 
ing m procedure there is a difference in 
acquisition of A responses as a func- 
tion of forced-choice and correction 
procedures. 

A comparison of Groups C.5 and F.5 
showed significant between-group dif- 
ferences (F = 7.48, df = 1/38). This 
indicates that for groups having 
“pretrained” pA: = .5 there was a 

. significant difference in acquisition of 
A; responses during varying 7 as a 
function of forced-choice and correc- 
tion procedures. Similarly, for Groups 
CN.5 and FN.5, which were not given 
pretraining but were assumed to have 
initial pA; = .5 at the beginning of 
the varying r procedure, there was a 
significant difference between groups 
(F = 5.47, df = 1/38). 

Comparisons of pretraining and no 
pretraining procedures showed no 
significant difference between the 
two “correction” groups (F = 3.46, 
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df =1/38), or between the two “‘forced- 
choice” groups (F = 0.92, df = 1/38). 

Table 1 shows pA: for each group 
on the last two blocks of three test 
trials. Sincer = .67 (approximately) 
for daily training trials correspondin; 
to the two blocks of three test trials, 
the expected value of PA: = .67. No 
statistical test was available to com= 
pare expected and obtained probe 
abilities for each group but the ob- 
tained probabilities appeared to be in 
good agreement with the theoretically 
predicted value of .67. 

Table 2 shows pA: for each group) 
on the last 10 test trials of the varying 
x procedure. The table shows the 
number of Ss in each group exhibiting” 
each of the possible values of PAY 
The table shows a tendency for some 
Ss in the forced-choice groups to” 
elicit pAı = 1 on these test trials. 
However, no Ss in the correction 
groups show this tendency and it 
appears that Ss in these groups were 
approximately normally distributed 
around m. The choice data for the 
correction groups on the last five days 
of three daily training trials was also 
examined for tendencies to pAi = 0 
or 1, but since this data was in agree 
ment with that reported above fot 
test trials for correction groups it i 
not reported. 


TABLE 2 


PROBABILITY OF A, RESPONSES (pA1) ON LA’ 
10 Test TRIALS DURING VARYING 
m PROCEDURE 


Number of Ss Showing pA1 


Group = 
oo|.|2].3|.4|.s|.o|.7|.s| 9] ee 
C1 i] fa)sfi2}4 i 
F1 1 4|6\4|)4) 25 
C.5 1)9|7)3 / 
BS 3/5] 5| 2 
CN.S 2\/218)6|2 
FN.S 1 3131713 2am 
pe 
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DISCUSSION 


The primary purpose of the present 
study was to test two predictions of 
Estes’ statistical learning theory for the 
special case of changing probability of 
reinforcement (r) in which m approaches 
an asymptote exponentially; viz., the 
predictions concerning learning rate and 
terminal response probability. The equa- 
tion describing these predictions has been 
provided elsewhere (Estes, 1957, Eq. 2C). 
Two distinct results were obtained during 
the varying m procedure: (a) the cor- 
rection procedure groups performed in 
good agreement with the theoretically 
predicted values, and (b) the forced- 
choice procedure groups far exceeded the 
response probabilities predicted by the 
theory during the early trials of the 
varying m procedure. 

Learning curves—As shown in Fig. 2 
the predictions concerning learning rates 
for the three correction groups were in 
close agreement with the empirically 
obtained results. An inference from the 
theoretical equation is that, during the 
early course of learning there should be a 
“lag” in response probabilities behind 
the corresponding m values. For ex- 
ample, the value of m on Trial 19 is 
approximately .66. Given a ð value of 
.067 (the value for Group C.5) the theo- 
retical equation predicts pA = .59 on 
Trial 19. A similar lag was predicted for 
other early trials. Since the learning 
rate predictions were in close agreement 
with the results for the three correction 
groups, it may be inferred that there was, 
in fact, a “lag” of response probabilities 
behind the corresponding value. 

The difference between the learning 
curves for the correction and forced- 
choice groups emphasizes the importance 
of the fact that it is not simply the num- 
ber of reinforced trials for a particular 
response that is important in predicting 
learning rates, but also the manner in 
which the Ss are permitted to sample 
the stimulus situation. Apparently the 
statistical learning model is adequate to 
describe learning rates when Ss are sub- 
jected to a correction procedure. Spence’s 
model (1956) predicts that response prob- 
ability to the more frequently reinforced 


bar would, at maximum, exceed the 


„probability of reinforcement before de- 


clining to approach chance. Although 
it makes no specific predictions for cases 
of variable r, or for situations where a 
correction procedure is employed, the 
Spence model appears to describe the 
early course of acquisition for two-choice 
learning when a forced-choice procedure 
is used. 

Terminal response probabilities.—Ac- 
cording to the theoretical equation the 
predicted terminal response probability 
for each group will be the asymptotic 
value of m; in this case .67. From an 
examination of Fig. 2 and the data given 
in Table 1 it may be inferred that all 
groups reached substantially the same 
terminal response probability and that 
this value closely approximated the 
asymptotic value of m. Although these 
data substantiate the matching predic- 
tion, the forced-choice groups shown in 
Fig. 2 may not have reached asymptote 
and it appears that further training might 
have produced a continued downward 
trend. Furthermore, the interpretation 
of the forced-choice test trial behavior 
is complicated by the fact, as shown in 
Table 2, that some forced-choice Ss have 
tended to pA; = 1. This clustering of 
responses to one alternative or the other 
is similar to the behavior obtained when 
a “noncorrection” procedure is employed 
(Hickson & Carterette, 1955; Meyer, 
1960; Wilson & Rollin, 1959). 

Pretraining vs. no pretraining.—The 
third prediction was that there would be 
no difference in rate of learning or ter- 
minal response probability during the 
varying m procedure between groups 
having “trained” or “assumed” initial 
response probabilities. No differences 
were, in fact, found among correction 
groups or among forced-choice groups 
which had “trained” or “assumed” ini- 
tial response probabilities. The implica- 
tion of this finding for statistical learning 
theory is that, for the two-choice situa- 
tion at least, the assumption of the 
independence of initial response prob- 
ability and 9 is valid in the sense that a 
given initial response probability plays 
the same role in determining the form 
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of a subsequent learning curve regardless 


of whether it was established by pre-. 


vious training inside or by factors outside 
of the given experimental situation. 


SUMMARY 


An experiment tested the adequacy of the 
following predictions from Estes’ statistical 
learning theory: (a) a function derived from 
the theory would adequately describe rate 
of learning and terminal response probability 
in a two-choice situation in which probability 
of reinforcement was varied according to an 
exponential function; (b) there would be no 
difference between ‘‘correction” and “forced- 
choice” groups; and (c) there would be no 
difference between groups having “trained” 
and “assumed” initial response probabilities. 

The Ss, 120 female albino rats, were given 
bar-press training, with food reinforcement, 
in a runway to establish stable bar-press 
latencies. They were then assigned to six 
equal groups. Four groups were given pre- 
training trials is a two-choice apparatus with 
one of two conditions of training and of 
probability of reinforcement; the remaining 
two groups were given no pretraining. Fol- 
lowing this, all groups were given three trials 
per day for 30 days in the two-choice appara- 
tus with probability of reinforcement chang- 
ing over trials according to an exponential 
function from .50 to .67. Thus, Ss that had 
received no reinforced trials to one bar during 
pretraining were now reinforced on from 50% 
to 67% of trials for that bar-press response, 
and 50% to 33% for the previously reinforced 
response; Ss that had 50% of pretraining 
trials reinforced to each bar were now rein- 
forced on 50% to 67% of trials for one bar- 
press response, and 50% to 33% for the 
other bar-press response. 

For the training series with varying prob- 
ability of reinforcement, the predictions con- 
cerning learning rates for the three correction 
groups were in close agreement with the 
obtained results. The behavior of the three 
forced-choice groups did not confirm theo- 
retical predictions concerning the slope of the 
acquisition curve. However, all groups 
appeared to substantiate the prediction that 
asymptotic response probability should match 
asymptotic reinforcement probability. No 
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differences were found between groups having 
“trained” and “assumed” initial response 
probabilities. 
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VERIDICAL PERCEPTIONS OF CYLINDRICALITY: 
A PROBLEM OF DEPTH DISCRIMINATION 
AND OBJECT IDENTIFICATION ! 


PATRICIA CAIN SMITH anp OLIN W. SMITH 


Cornell University 


The experimental literature reads 
as if the topics of perceived form and 
perceived depth were independent and 
unrelated. This is true in one respect 
since the research on perceived forms 
is principally the study of plane 
figures while the research on perceived 
depth includes a host of problems 
related to the depth experience. In 
everyday life, however, man perceives 
the familiar objects which constitute 
his everyday environment, and these 
perceptions involye depth and form 
concomitantly. The two aspects of 
perception may be reported separately 
by an O, butin many cases perceived 
depths are necessary for veridical per- 
ceptions of the shapes of objects. 
For instance, a sphere that is illumi- 
nated only on the side away from O 
is perceived as a flat circular disk. 
When fully illuminated, a sphere 
is perceived; perception is veridical. 
The demonstration shows that dis- 
criminable differences in depth on a 
surface are necessary for veridical 
perceptions of at least one class of 
objects. 

The purposes of the observations 
to be reported here were: (a) to deter- 
mine whether some of the stimuli 
for perceived depths over surfaces 


1Qur thanks are due to A. E. Michotte 
for sponsoring and providing space for this 
research, and to members of the laboratory 
of The University of Louvain for their 
countless observations. The study was sup- 
ported in part by: The Psychological Labora- 
tory of Louvain, the Belgian American Educa- 
tional Foundation, and Contract Nonr-401 (14) 
between Cornell University and the Office of 
Naval Research. 
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were sufficient for veridical percep- 
tions of the full convexity of a cylin- 
drical surface in the absence of views 
of the lateral edges of the test object, 
a semicylinder (a semicylinder was 
used as the test object since stimuli 
for depth are difficult to control 
on spherical surfaces while easily 
varied on cylindrical surfaces); (b) 
to compare the relative potency of 
surface stimuli for depths alone with 
their potency in conjunction with 
views of the edges of the cylinder as 
stimuli for veridical perceptions of the 
shape of the object. 

The veridical judgment of three- 
dimensional shape was set as the 
criterion since we assume that man 
perceives veridically the three-dimen- 
sional shapes of the familiar objects 
of his everyday environment. The 
sufficiency of various stimuli for mere 
impressions of depth has been ade- 
quately demonstrated. Reports of 
degrees of curvature less than those 
for full cylindricality are therefore of 
little theoretical or practical impor- 
tance; the determination of conditions 
for veridical judgments of shape is 
more interesting and relevant to 
problems of perception of daily life. 

Two different modes for designating 


-stimuli for depth are currently in 


vogue. The first mode is composed 
of the terms for the traditional monoc- 
ular and binocular cues for depth (for 
a recent listing see Dember, 1960). 
The second mode was proposed by 
Gibson (1950) and consists of gradi- 
ents of optical texture. No suitable 
taxonomy exists for classifying the 
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different optical textures which may 
serve as stimuli for impressions of 
depth and judgments of shape. The 
categories of the traditional taxonomy 
will therefore be used for naming the 
stimuli which were investigated. The 
following “cues” were investigated : 
linear perspective, interposition, light 
and shade, texture, form transforma- 
tions, monocular movement parallax, 
and binocular disparity. Distance of 
observation was varied. The edges 
of the test object, a horizontal semi- 
cylinder, could be obscured or exposed 
to view, thus permitting control of its 
lateral contours independently of the 
stimuli for depth on the surface of 
the cylinder. 


METHOD 


The apparatus has been described pre- 
viously (Smith & Smith, 1957). In brief, a 
semicylinder (one half of a kymograph drum, 
radius 7.96 cm., length 16.2 cm.) was mounted 
with its long axis horizontal. The O's line of 
regard (right eye for monocular, and cyclo- 
pean eye for binocular, observation) inter- 
sected the curved surface at the coincidence 
of the horizontal and perpendicular bisectors 
of the surface. Baffles, adjustable for either 
monocular or binocular observation, could 
be adjusted so as to show or to hide the lateral 
edges of the cylinder, but included a narrow 
strip above and below the cylinder behind 
which a uniformly gray ground was seen. 
Patterns (inked or three-dimensional) were 
placed on white paper jackets which were 
fitted to the 180° exterior of the cylinder 
facing O. A plain, white, unmarked jacket 
reflected to O's eye(s) light of equal intensity 
(0.12 ft-L) from all portions of its visible 
surface except when otherwise noted. All 
observation excluded views of the lateral 
edges of the cylinder except as noted. The 
cylinder could be rotated on its horizontal~ 
axis, When static or in motion and covered 
with the plain white jacket the surface was 
judged to be flat by all Os. When in motion 
a flat surface appeared to expose or wipe out 
a gray field in the same plane as the surface. 
This demonstration proved that whatever 
curvature was reported was due either to the 
stimuli for depth placed on the jackets or to 
views of the lateral edges of the cylinder in 
conjunction with surface stimuli for depth. 
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The Os were seven members of the labora- 
tory at the University of Louvain. Each was 
instructed to report verbally what he saw in 
the test area as well as its shape. When O's 
reports required clarification, he drew pictures 
of what he saw. For any one test pattern 0 
could observe as long as he wished. His head 
was correctly positioned before each view, 
and a shutter controlled by E permitted 
observation only when the head was correctly 
positioned. Unless otherwise noted all ob- 
servations were binocular and were made at 
116.3 cm. from the front center of the surface 
of the cylinder. All Os had periodic unre- 
stricted views of the cylinder so as to reinforce 
their standard for judgment of cylindricality, 


RESULTS 
Linear Perspective 


Linear perspective (LP) is com- 
monly called a cue for depth. Its 
effectiveness as a cue has been known 
for centuries as demonstrated by the 
excellent reversible perspectives found 
in the Temple of Apollo at Pompeii, 
but little is known about LP as 4 
stimulus for perceptions of curvature. 
The stimulus was’ investigated by 
varying the location, number, and 
width of lines placed on jackets so as 
to appear to be encompassing the 
cylinder from top to bottom when 
the jackets were affixed to the semi- 
cylinder. 


Jacket 1—A line 0.5 mm. wide en- 
circled the circumference of the semi- 
cylinder at its horizontal midpoint. 
When observation was monocular, the 
surface was reported by all to appear. 
to be completely flat. With binocular 
vision slight curvature of the surface 
was reported by some Os, but these 
judgments were consistent neither within 
nor between Os. p 

Jacket 2—The width of the center line 
was gradually increased to 2.5 cm. for 
both monocular and binocular views: 
Some curvature was reported by all 0s 
with monocular views, but a greater 
degree of curvature was reported by al 
Os with binocular views. No judgments 
were obtained of full cylindricality- 
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best, the center front horizontal portion 
of the area seemed to be flattened, while 
the top and bottom limits of the cylinder 
appeared to extend parallel to the line 
of sight. 

Jackets 3 and 4.—Increases in the 
width of the center line in steps of 0.5 cm. 
beyond 2.5 cm. resulted in judgments of 
less curvature by all Os. The optimal 
visual angles to be subtended by a solid 
line for the discrimination of the curva- 
ture of a cylinder remain to be investi- 
gated. These visual angles, when deter- 
mined, will probably vary with the radius 
of the cylinder. 

Jackets 5-12.—Inked bar lines were 
centered on the cylinder. The widths 
of these bar lines varied in steps of 0.5 
cm. from 1 cm. to 2.5 cm. For each bar 
line there was a pair of narrow (0.5 mm. 
in width) lines which enclosed the same 
area and were correspondingly positioned 
on the cylinder on separate jackets. 
Judgments of curvature induced by the 
bar lines were compared with judgments 
of curvature induced by corresponding 
pairs of parallel lines. In all comparisons 
the solid bar lines were more effective and 
yielded reports of greater curvature. 

Jacket 13—Two vertical 1-mm. lines 
were placed so as to obtain the maximal 
possible horizontal separation on the 
cylinder. They were judged to be curved 
and to “toe in” at either end although 
the surface on which they were seen 
was reported flat. This demonstrates 
that parallel lines which recede in depth 
from O do not necessarily induce per- 
ceptions of depth. Geometrically, per- 
spective was present, but in the absence 
of stimuli sufficient for perceived curva- 
ture of the surface, the lines were judged 
as curved, a response appropriate for the 
proximal stimuli, but not for the distal 
stimuli. This class of result is not un- 
common in studies of size constancy. 

Jackets 14-17.—Two, 13, 27, and 54 
vertical 1-mm. lines were evenly dis- 
tributed over the horizontal extents of 
separate jackets. No veridical judg- 
ments were reported. Even with the 54- 
line jacket the horizontal middle of the 
cylinder appeared to be flattened. Veri- 
dical judgments were reported by all 
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Os for both the top and bottom of the 
cylinder where the physical changes in 
depth were relatively greater per unit 
of visual angle than in the center. From 
this may be concluded that LP is an 
effective stimulus for veridical percep- 
tions of changes in depth over surfaces 
where depth differences in terms of visual 
angles are fairly rapid. 


Texture 


The vertical lines minimized the 
effects of texture in the optic array. 
Lines in the vertical dimension were 
therefore replaced by columns of dots 
so as to maximize texture and its 
packing density in the optic array 
as a function of receding surfaces 
from 0. 


Jacket 18.—Five round dots 0.5 mm. 
in diameter with equal vertical separa- 
tions were placed in line on the center 
vertical of the cylinder. The Os reported 
the dots as aligned, but without the 
phenomenal continuity characteristic of 
a line. No curvature was reported. 

Jacket 19.—Seven similar dots distri- 
buted as above yielded the same results. 

Jacket 20.—The diameters of the dots 
of Jacket 19 were increased to 5 mm, 
The spots appeared to be a line to all 
Os and some curvature of the surface 
was reported. 

Jackets 21-23.—The diameter of the 
dots was held constant at 5 mm, while 
two columns were presented in which 
the number in each was increased until 
25 were aligned vertically and parallel 
to a second line of 25 dots. Two centi- 
meters separated the interior edges of 
the two lines which were centered on the 
cylinder. Two parallel lines of dots were 
only slightly more effective than a solid 
line, 3 cm. wide. Veridical judgments 
were not obtained. Monocular views 
always resulted in less apparent curva- 
ture than did binocular observation. In 
this case the combination of binocular 
disparity, LP, accommodation, conver- 
gence, and texture was not sufficient 
for veridical judgments of the shape of 
the cylinder. These results indicate that 
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the gradient theory of optical texture 
may be geometrically exact, but psy- 
chologically insufficient for accounting 
for veridical perceptions of shape in all 
situations. Optical texture and its 
gradients are sufficient under some condi- 
tions for perceptions of depth and may 
therefore be called cues in the same sense 
that parallel lines which induce impres- 
sions of depth are designated as the cue 
of LP. 

Vertical parallel lines were sufficient 
for veridical judgments of the shape of 
the test surface at the top and bottom 
of the cylinder even though the center 
of the space appeared to be flattened. 
The consequent hypothesis was that 
curvature reported in any one part of 
the cylinder is independent of curvature 
reported for other parts. 

Jacket 24.—The above hypothesis was 
tested by placing 11 vertical lines, 1 mm. 
wide, 3.0 cm. long with horizontal sepa- 
rations of 1.5 cm., at both the top and 
bottom of the cylinder. Each line at 
the bottom was in line with a correspond- 
ing line at the top. Compelling impres- 
sions of curvature were induced at both 
extremes for all Os, but the intermediate 
area joining the apparently curved areas 
was reported as flat by all. 

Jackets 25-29.—The same lines at both 
the top and bottom were progressively 
lengthened on separate jackets until 
only a narrow, horizontal strip in the 
center of the cylinder, 3.0 cm. high, 
prevented closure of the lines. This 
narrow strip was judged to be com- 
pletely flat by all Os. The absence of 
stimulation for depth resulted in reports 
of apparent flatness of the surface, and 
this in turn caused an apparent change 
of direction of the surface to the frontal 
parallel. 

Koffka (1935, p. 153) states that the 
gestalt law of good continuation is 
applicable to curved lines. This law is 
inapplicable to the curved lines defining 
curved surfaces in perception. The law, 
if functional, may be appropriate to 
curved lines on plane surfaces where the 
curvature of a line may be identified 
independently of the form of the surface 
on which it exists. 
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Density of Texture 


Gradients of texture in the optical 
array are an invariant function of 
perspective geometry when surfaces 
receding in distance from O are viewed 
by 0. Since the gradients always 
exist they are potentially descriptions 
of light in the optic array as reflected 
from diverse collections of objects 
such as leaves, people, trees, and 
sandy stretches. Gibson (1950) pro- 
posed optical texture as an effective 
stimulus for recession of a surface 
(apparent depth). In addition to 
being a cue for apparent depth, are 
optical textures also sufficient for 
veridical judgments of cylindricality? 
The displays to be described resulted 
in samples of some but not all optical 
textures. 


Jacket 30.—Horizontal and parallel 
lines, 0.5 cm. wide and separated ‘ver- 
tically by 2 cm. covered the cylinder. 
This type of optical texture minimized 
the effects of binocular disparity. Judg- 
ments varied between and within Os. 
Some would report some curvature, and 
then report stairsteps on the ascending 
side (top) of the cylinder. The percep- 
tions were unstable except in the case 
of one O, who consistently reported 
“fairy stairsteps.”’ 

Jacket 31—The number of equally 
spaced horizontal lines was doubled. 
Some curvature was reported by all, 
but the center of the cylinder appeared to 
be flat. The staircase effect was still ob- 
tained, but less frequently. No veridical 
reports of cylindricality were obtained. 

Jacket 32.—Horizontal rows of dots, 
0.5 mm. in diameter and separated ver- 
tically by 1 cm. were presented so as t0 
increase the effects of binocular disparity: 
The dots were haphazardly spaced on 
the horizontal so as to minimize the 
appearance of vertical alignment. The 
staircase effect was not obtained, and all 
Os reported some curvature, but 1° 
veridical judgments. The cylinder also 
appeared to be flattened in the middle. 
More curvature was reported with the 
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dotted lines than when they were 
solid, demonstrating effects of binocular 
disparity. 

Jacket 33—LP was enhanced by crea- 
ting columns and rows of 1-mm. dots 
separated by 1 cm. Some, but incom- 
plete, curvature was again reported. 

Jackets 34-39.—T he position and num- 
ber of dots were held constant while 
their diameter was increased to 5 mm. 
This resulted in an increase in apparent 
curvature for all Os. When the dots 
were enlarged to about 7 mm. in diam- 
eter, however, the apparent curvature 
had seemingly reached a maximum, and 
a further increase in spot diameter to 
1 cm. resulted in less reported curvature. 

The size of the dots was then held 
constant at 5 mm. in diameter while their 
density was varied. On each of a series 
of jackets the dots were uniformly dis- 
tributed, but with no apparent order 
with respect to vertical or horizontal 
alignments. Dots separated from adja- 
cent dots by an average of 1 cm. always 
resulted in the appearance of more curva- 
ture than did dots separated by only 
1mm. 

Several factors seemed to be function- 
ing in determining the degree of reported 
curvature or its equivalent, the amount 
of depth that was judged. The size 
and number of dots per unit of visual 
angle seemed to be interacting with the 
physical extent in depth of the surface 
per unit of visual angle. The interactions 
which result in optimal judgments need 
to be determined empirically. In the 
above series of observations different 
optical textures, binocular disparity, 
LP, accommodation, and convergence 
in combination were not sufficient for 
veridical judgments of the shape of the 
cylinder. 


Form Transformations 


The form transformations of both 
regular and haphazardly arranged 
circular dots were ineffective for verid- 
ical judgments as described above. 
It was hypothesized that the trans- 
formations of rectangles to trapezoids 
might be more effective. 
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Jacket 40.—Rectangles 1 cm. wide and 
2 cm. long were arrayed in vertical 
columns lengthwise. The columns were 
separated horizontally by 1 cm., and 
the width of lines was 0.5 mm, Clear 
impressions of curvature were reported, 
but in all cases these did not approximate 
the true shape of the surface. 


Interposition 

Jackets 4/-42,—Irregular cardboard 
inserts were placed in slits in the jackets 
so that the plane of each insert was 
perpendicular to the surface of the 
cylinder. Both high and low frequencies 
of interposed forms were used. Inter- 
position was sufficient for valid judg- 
ments of relative depth, that is, one 
insert could be judged as being in front 
of another, but little curvature of the 
form itself was reported. 


Light and Shade 


Gross differences in brightness of 
light reflected to the eye from the 
jackets were introduced for all jackets 
so far described. Differences in 
brightness on the surface of plain, 
white, unmarked jackets did not 
result in judgments of curvature. 
Differences in brightness in conjunc- 
tion with patterned surfaces had, in 
general, the effect of increasing the 
degree of reported curvature, but 
these effects were not uniform. The 
pattern composed of rectangles in 
columns seemed to be most affected. 
No veridical judgments resulted from 
the introduction of this cue in con- 
junction with the previously reported 
cases. 


Monocular Motion Parallax 


This cue was tested in conjunction 
with others by rotating all previously 
described patterns during monocular 
observation. No reports of the true 
shape of the cylinder were obtained, 
and substantial increases in perceived 
curvature were not reported. This 
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method of generating monocular mo- 
tion parallax is not typical of the 
manner in which it is usually caused 
in everyday life, since it most com- 
monly results from motions of the 
head. Consequently, these results 
should not be considered as typical 
of those which might be obtained 
from normal motions of the head. 


Combined Factors 


Jacket 43.—A repetitive pattern of 14 
columns of rectangles, each enclosed by 
two vertical parallel lines was tested. 
All lines were 1 mm. wide. The rec- 
tangles were $ cm. wide by 1 cm. long. 
A vertical line 3 mm. long connected 
the center of the top of each rectangle 
to the center of the bottom of the rec- 
tangle above it. The parallel lines were 
separated by 14 mm., and the long side 
of each rectangle was 2 mm. from the 
near side of one of the parallel lines. 
Good contrasts in brightness (light and 
shade) existed on the jacket. Veridical 
judgments were obtained from all Os. 
In this situation there were good LP, 
form transformations, binocular dis- 
parity, light and shade, texture, accom- 
modation, convergence, but no inter- 
Position or motion parallax. The dis- 
tance of observation was then increased 
to 232.6 cm., and the surface no longer 
appeared to be cylindrical, but still 
appeared to be curved. ‘The distance 
of observation was then increased to 
348.9 cm., when the surface appeared 
to be flat to all Os. 


Other Veridical Reports 


One O who had had monocular 
vision since early childhood visited 
the laboratory and was tested on the 
textures described in the section on 
LP. She spontaneously and correctly 
judged the shape of the surface when 
S-mm. dots were separated from 
adjacent dots by as much as 1.5 cm. 
This suggests that: (a) an important 
source of individual differences in 
perception is the state of learning of O, 
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and (b) it is possible that any com- 
bination of factors may be sufficient 
as stimuli for veridical perceptions 
when sufficient learning has occurred. 


Knowledge of Shape of Cylinder 


Knowing that the surface to which 
the jackets were affixed was actually 
semicylindrical had no detectable 
effect on the appearance of the test 
area. For each series, the reports 
of naive Os were checked against 
those made by the 7 Os of this study. 
No appreciable differences in reports 
were obtained. These comparisons 
also served as a practical control for 
order effects in the large number of 
observations. 


View of Lateral Edges of Cylinder 


Each of the jackets was displayed 
with a wider aperture, so that the 
lateral edges of the cylinder were 
visible. All of the jackets except 1 
and 18 were readily discriminable as 
cylindrical. The full contour was not 
sufficient for veridical judgments when 
the cylinder was covered by a plain 
white jacket. Conversely, in the 
absence of views of the lateral con- 
tours the cues for depth were in most 
instances insufficient for veridical 
reports. Surface cues for depth in 
combination with the lateral and 
vertical outlines of the cylinder were, 
however, consistently effective for 
veridical reports. 


Discussion 


The lateral edges of the cylinder in 
conjunction with the surface cues for 
depth were highly effective in inducing 
veridical perceptions of cylindricality. — 
The edges of the cylinder were not suf- 
ficient for veridical judgments of its shape 
in the absence of other stimuli for depth. 
They were, however, remarkably potent 
stimuli for the veridical judgment 1 
conjunction with stimuli for depth which 
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were not sufficient independently of the 
edges. 

The lateral and horizontal edges clearly 
delineated the cylinder as an object in 
perception with its own edges. This is 
normally the case in everyday life where 
depth is seldom perceived independently 
of three-dimensional objects. In the 
laboratory, however, the custom of the 
single variable experiment has dictated 
that the edges of a test space be defined 
by the edges of apertures. Judgments 
of slant, tilt, rotation, and curvature 
under aperture conditions may represent 
only generalizations by O from complete 
to impoverished stimulation, with the 
consequence that errors of judgments 
should be expected to be in excess of 
those normally expected in everyday life. 
If this is the case, a demonstration that 
variation in stimulation is accompanied 
by correlated responses can result in a 
quantitative science of effects, but these 
effects will serve as only qualitative 
predictors of responses in everyday life. 
For instance, given specified gradients 
of optical texture, the prediction should 
be valid that depth will or will not be 
perceived, but knowledge of the effect 
on responses of such gradients in the 
laboratory under aperture conditions 
should not be expected to predict 
the magnitude of errors of responses 
to equivalent gradients encountered in 
everyday life. 

In the absence of stimuli for depth, Os 
reported merely flat rectangles extending 
across the width of the test area. This 
confirmed a prediction by Hochberg and 
Smith (1955) that other things being 
equal, the depth judgment requiring the 
least perceptual information will be the 
one that is made. That flat rectangles 
were perceived in the absence of cues 
for depth is evidence that less perceptual 
information is required for perceiving a 
flat surface than for perceiving a curved 
surface. 

The literature on accommodation, con- 
vergence, motion parallax, and binocular 
disparity as cues for depth is substantial, 
but this literature is rarely relevant to 
the perceived depths required for verid- 

_ ical perceptions of the shape, slant, or 
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tilt of three-dimensional surfaces. All 
other things equal, common sense dic- 
tates that binocular views of textured 
surfaces should result in better judg- 
ments than monocular views, and this 
has been confirmed by Clark, Smith, and 
Rabe (1956) and by Smith and Smith 
(1957). However, that which is known 
about the above cues permits neither 
the prediction of how much better judg- 
ments should be with binocular than with 
monocular views, nor specification of the 
circumstances in which binocular judg- 
ments should be better than monocular 
ones. 

The infrequency of veridical judgments 
of shape of the cylinder when lateral 
contours were occluded might be at- 
tributed to aperture effects which may 
cause a surface to appear to come up into 
the plane of the aperture (Katz, 1935), 
The aperture of this study permitted a 
vertical field of view of 7° 20’ when O 
was positioned 116.3 cm. from the front 
surface of the cylinder. This field was 
larger than the 7° field of Gruber and 
Clark (1956) who found 7° sufficient for 
minimizing the ‘‘come-uppance’ phe- 
nomenon. Aperture effects were there- 
fore not considered to be important in 
our results. 

The report of the monocular O indi- 
cates the possibility that the patterned 
stimuli sufficient for reports of depth as 
well as veridical judgments are those 
patterns which have been learned by Os 
as signifying cylindricality. Should this 
be the case any of the stimuli is poten- 
tially effective for eliciting veridical 
judgments. Effectiveness would depend 
upon experience with the particular stim- 
ulus dimension in combination with other 
information concerning cylindricality. 


SUMMARY 


Some of the stimuli for perceived depths 
on surfaces were tested for their effectiveness 
in inducing veridical judgments of cylin- 
dricality. Views of lateral edges of the test 
object were also tested independently and in 
combination with stimuli for depth. The 
stimuli of texture, form transformation, linear 
perspective, accommodation, convergence, 
light and shade, and binocular disparity in 
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combination were sufficient for veridical per- 
ceptions of the shape of the cylinder. The 
lateral (and horizontal) edges of the cylinder 
alone were not sufficient, but in combination 
with stimuli for depth they were highly 
effective in inducing veridical perceptions of 
the shape of the object. One O who had had 
monocular vision since early childhood re- 
ported the shape of the test object correctly 
in situations in which normally sighted Os 
with binocular views reported lesser degrees 
of curvature. Hence, any of the stimuli for 
depth may be potentially effective for verid- 
ical judgments depending on the status of 
learning of O. 
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From studies of the recall of non- 
random sequences of English words 
(Miller & Selfridge, 1950), of non- 
sense syllables (Aborn & Rubenstein, 
1952; Rubenstein & Aborn, 1954), 
and of letters of the alphabet (Miller, 
1958), it is quite clear that the rules 
of formation of these sequences greatly 
influence both the amount of material 
and the amount of information which 
can be recovered after a given presen- 
tation of this material. This and 
related work has been summarized 
by Rubenstein and Aborn (1960). 
Several of the above studies were 
designed to test the hypothesis that 
the amount of information proc- 
cessed and retained is invariant under 
changes in the rules of formation; 
that is to say, that the redundancy of 
the material does not affect the 
amount of information processed and 
remembered. This hypothesis was 
not supported. The relation between 
redundancy and the amount of in- 
formation or the amount of material 
processed has not been determined. 

In looking for such a relation, it is 
reasonable to use sequences generated 
by finite state grammars (see Chomsky 
& Miller, 1958; Miller, 1958) since 
both the redundancy of these se- 
quences and S’s_pre-experimental 
experience can be stated precisely. 
Even in these sequences, however, 
the number of parameters involved, 
such as number of alternatives (let- 
ters), number of states, rules of transi- 
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tion, S’s experience, and so on, makes 
a complete exploration of redundancy 
difficult. A start can be made by 
using a relatively simple grammar 
with a small number of alternatives, 
The relation that exists between the 
redundancy of the messages and the 
amount of information processed could 
then be used as a baseline with which 
to compare the results using other 
parameters. 

The present study was designed to 
investigate this relation. However, 
instead of using one of the familiar 
measures of retention to indicate how 
much of the input information had 
been processed, a copying task similar 
to that used by Sumby and Pollack 
(1954) was used. In their study Ss 
copied messages by glancing at dif- 
ferent word-order approximations to 
English, turning away, and writing 
down the material they remem- 
bered. In the present study Ss proc- 
essed information by copying mes- 
sages written in artificial languages of 
varying redundancies. Two experi- 
ments were performed. In Exp. I 
naive Ss were used to determine the 
effect of redundancy on their copying 
behavior. In Exp. II Ss had repeated 
opportunities to become familiar with 
the rules of formation of the various 
languages. The copying behavior of 
these experienced Ss was compared 
with that of the naive Ss. 


METHOD 


Experiment I—A finite state grammar 
with varying transitional probabilities (see 
Fig. 1) was used to generate strings of sym- 
bols of four redundancies: 53.3%, 75.9%, 
83.6%, 89.6%. Essentially random strings 
(3.5% redundant) were constructed with the 
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Fic. 1. 
of the 75.9% redundant messages used in these 


Diagram of finite state generator 


experiments. (In each state, all the transi- 
tions to each possible next state are equally 
probable. These transitional probabilities 
were altered—and the symbols generated in 
transition were switched—in constructing the 
more highly redundant messages. The 53.3% 
redundant messages were generated by dou- 
bling the choice of symbols in each transition: 
e.g, the transition from State 1 to State 2 
could generate either T or C, etc.) 


use of a random number table. The vocabu- 
lary consisted of nine symbols: eight con- 
sonants and an asterisk. The set of strings 
of each redundancy constituted a language. 
A sample from each language is given in 
Table 1. Four messages of 134 characters 
each were constructed from each language. 

All the messages were typed on 5 X 8 in. 
cards. Each card contained two messages from 
the same language. 

The apparatus was a box, the front of 
which was a one-way glass. When S pushed a 
button, a light came on inside the box and 
the material on a single card was visible. 
A counter registered the number of pushes 
S made, and a Springfield timer registered 
the number of seconds the button was held 
down. 

The task of each S was to copy the mes- 
sages in front of him. He wrote letters down 
only when not looking at the message. His 
instructions were to “be as accurate as 
possible . . . but do not spend time checking 
for errors. Speed is not important, but try 
to work at a steady pace.” 

Ten college students were used as Ss. 
All were completely naive about the experi- 
mental situation: they had had no pre- 
vious experience with the kinds of languages 
used. Each S copied all 20 messages. A 
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balanced latin square was used as the des 
After each S had copied 10 messages he i 
given a 5-min. rest. The total time required 
was about 14 hr. per S. 

Experiment II—The E and two friends? 
were used as Ss. The E had constructed the 
messages, carried them through their various 
stages—proofreading and typing—and had 
checked some of the copied messages for 
mistakes. With this background, he copied” 
10 of the 20 messages used in Exp. 

The other two Ss were originally naive, 
and their performance in copying messages” 
was studied over a period of time. Aft 
copying one message of each redundancy, 
the principles underlying the construction 0 
the languages were explained to them. Th 
were also shown the explicit patterns whi 
they would find in each language. Follo i 
this instruction, over a period of two months, 
each devoted 11 hr. to copying mes 
and to checking each other's papers fo 
mistakes. During each 1 hr. e perimental 
session, they usually copied and checked twal 
messages from each language. The 20 mesi 
sages used in Exp. I were normally used. 
However, new messages from these same 
languages were used as Messages 13, 14, 22) 
and 23 from each language. Each S copi 
a total of 23 messages from each langi 
(115 messages in all). 


RESULTS 


Experiment I—For naive Ss there 
is evidence for a small amount 
learning from the beginning to 
end of the session, probably associate 
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TABLE 1 


SAMPLES FROM LANGUAGES OF VARIOUS 
REDUNDANCIES 


3.5% 


BS*BX*CNW*X*CPB*TN X*B*CBBXXE 
WCXT*NBCCN*S*NWC*BN*X W*CBXPCE 


53.3% 


75.9% 


X#X#X*BNP*X*CTS*BN P*X*BNTSICTD 
NP*X*BNP*BNTS*CTWNTWNTWNISN 


83.6% 


N*WXT*SC BXCBXT*ST*N*N*WXCP*W 
BXCBXCBXT*WXCBXCBXCBXC BXCBXC! 


89.6% 


NPBSPBSPBSPBSPBSPBSPBS 
SPBSW*NPBSPW*C*N PBSSBP 
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NUMBER OF LOOKS. 
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Ist PRESENTATION 
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i p IONAIVE Ss, 
3rd & 4th PRESENTATION 


O | EXPERIENCED S 


1 1 
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PER CENT REDUNDANCY 


Fic, 2. The number of looks required to 
copy 134-symbol messages of varying redun- 
dancy. (The upper curve has been multiplied 
by a constant factor of 0.96; the lower curve 
has been multiplied by a constant factor of 
1.16. The variability of the values for the 
naive Ss on the third and fourth presentations 
has been indicated by adding +ø to each 
point.) 


with familiarity with the task and 
the general situation. 

There also seems to be some learn- 
ing within each nonrandom language 
through the four presentations. This 
can be seen from the two upper curves 
of Fig. 2. The top dashed curve 
gives the average number of looks 
for the first presentation of each 
language. (This curve has been cor- 
rected for learning associated with 
the situation by multiplying each 
value by a constant to bring the 
points at 3.5% redundancy into coin- 
cidence.) It can be seen that three 
of the four remaining points are con- 
siderably above the corresponding 
points on the second dashed curve. 
This latter curve gives the average 
number of looks for the third and 
fourth presentations of each language. 
(Using a # test on the corrected values, 
P < .01 that the points for languages 


155 


of 76% and 84% redundancy are 
from the same distributions.) 

There are striking differences among 
the various languages with respect to 
the average number of looks neces- 
sary to transcribe messages of equal 
length. The number of symbols 
carried per look increases substan- 
tially with the increase in redundancy. 
In terms of a measure of information, 
however, the amount carried per look 
decreases with an increase in redun- 
dancy since the number of symbols 
carried per look does not increase 
as rapidly as the information per 
symbol decreases. 

A sample of errors indicates that 
they are relatively infrequent: about 
one per message, and less in the 89.6% 
language. These errors were not 
taken into account when values of 
information were calculated. 

The time scores are given in Fig. 3. 
The dashed curve gives the average 
number of seconds that S looked at 
messages from each language on 


the third and fourth presentations. 
The differences among the languages, 
though perhaps statistically reliable, 
are not of large magnitude. 
information 


Hence, 


since the total is less 
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Fic. 3. The average number of seconds 
that Ss looked at 134-symbol messages of 
varying redundancy while copying. 
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Fic. 4, The number of looks required to 
copy 134-symbol messages of varying redun- 
dancy as a function of the number of presen- 
tations, for 2 Ss. (The values for each presen- 
tation have been multiplied by that constant 
factor which made the corrected value equal 
to 20 for the 3.5% redundant message. On 
Presentations 1, 3-4, 13-14, and 22-23, these 
factors were 0.83, 0.75, 0.85, and 0.85 for RB 
and 0.74, 0.82, 1.03, and 1.05 for ER, respec- 
tively. The values on the right indicate the 
theoretical asymptotes which would hold if 
the constant information hypothesis were 
true.) 


with greater redundancy, the amount 
of information carried per unit time 
spent looking also decreases with 
increase in redundancy. 

Experiment II.—Once again, there 
is evidence for learning associated 
with the situation. For one S, ER, 
this learning was still occurring at the 
end of the 2-mo. experimental period. 

Learning also occurred within each 
nonrandom language. The lower 
curve in Fig. 2 gives E’s results. The 
shape of this curve is similar to the 
shape of the curve for inexperienced 
Ss, but is less curved. This indicates 
that the experienced S is making 
better use of the redundancy which 
is present. 

Figure 4 gives the course of this 
learning for two Ss. When all the 
values have been corrected for overall 
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learning, it can be seen that learning 
within the nonrandom languages oc- 
curs slowly throughout the experi- 
mental session. If the average num- 
ber of looks per message for Messages 
22 and 23 for these two Ss is plotted 
in Fig. 2, all the points lie between the 
middle (naive Ss) and lower (E) curves. 
The time scores for the three ex- 
perienced Ss are shown in Fig. Sh 
Differences between these scores with 
respect to redundancy are also of 
small magnitude. The two lower 
curves are averages for the last 6 
presentations of each language. 


DISCUSSION 


Before comparing these results with 
those of earlier studies, it should be 
noted that in most previous studies S 
had to memorize a passage and then 
recall it. In the present study, S was 
required to copy a passage which was 
visible to him only when he was ,not 
writing. Both methods can be used to 
study how information processing varies 
with redundancy, but the second method 
has the advantage of experimental ef- 
ficiency. Using the second method, we 
are directly studying the effects of re- 
dundancy on immediate memory span. 
Whether or not these effects correlate 
with the effects of redundancy on longe" 
term memory would seem to be, pri- 
marily, an experimental question. The 
results of this study indicate that those 
effects do, indeed, correlate very highly. 

As in the previous studies, it was found 
that with highly redundant languages 
Ss process more symbols but less 1n- 
formation than with random languages: 
The relation of both symbols per look 
and information per look to redundancy 
can be plotted easily from the data 17 
Fig. 2 and from the fact that the mes- 
sages consisted of 134 symbols each. 
Using the values on the second dashe 
curve, information per look drops almost 
linearly from about 21.3 bits per loo 
with a random message to about 4.7 bits 
with a message which is 89.6% redun- 
dant. The number of symbols per 100! 
starts at about seven for the random 
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language—which is what the many 
experiments on memory span would 
predict (Miller, 1956)—and above 75% 
redundancy it increases rapidly to infinity 
as 100% redundancy is approached. 

Perhaps the most interesting result is 
the effect of experience with the redun- 
dant languages. In Fig. 2 the straight 
line gives the expected number of looks 
if the constant information hypothesis 
were correct. It can be seen that the 
curves begin to approach this line as 
experience with the redundant languages 
is increased. This result may indicate 
that with extensive further training the 
constant information hypothesis might 
hold. If so, we would expect it to be 
true for English since these sequence 
dependencies are greatly overlearned in 
the normal S. If the method suggested 
by Shannon (1951) is used to estimate 
the redundancies of various word-order 
approximations to English, the two 
studies which used English words as 
stimuli (Miller & Selfridge, 1950; Sumby 
& Pollack, 1954) tend to support this 
hypothesis. In any case, experience cer- 
tainly seems to allow greater use of the 
available redundancy. The data in Fig. 
4 indicate, however, that this learning 
occurs very slowly. 

The time needed to transmit a given 
number of symbols appears to remain 
fairly constant as a function of redun- 
dancy, regardless of experience. This is 
not surprising since Ss normally pro- 
nounced the letters subvocally; it takes 
about the same amount of time to pro- 
nounce a letter regardless of context. 
There was another factor involved in 
copying messages from the two most 
highly redundant languages; namely, it 
was more difficult for S to keep his place 
because of the similarities within the 
message. Practice in copying seems to 
lower the absolute values of the time 
Scores. 


SUMMARY 


A relation between the redundancy of 
messages generated by a finite state grammar 
and a measure of information processed was 
determined. Ten naive Ss copied messages 
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of varying redundancies. Both the amount of 
time Ss looked at the messages and the num- 
ber of times needed to look at the message 
to copy it were plotted as a function of 
redundancy. The amount of time spent 
looking remained fairly constant as a function 
of redundancy, but the number of looks 
decreased monotonically, slowly at first, and 
rapidly above 75% redundancy. Ifa constant 
amount of information had been carried per 
look, this curve would have been linear, 
These results correlate highly with the results 
of earlier studies which found that a constant 
amount of information was not recalled after 
a given presentation of variously redundant 
material. 

The results of three experienced Ss agree 
generally with the other results except that 
the relation between looks and redundancy 
is less curved than the same relation for the 
naive Ss. This indicates that experience 
with redundant materials allows greater use 
to be made of the redundancy which is 
present, 
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RESPONSE BIAS AND PERCEPTION 
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One important by-product of the 
controversies about the role of per- 
sonality variables in perception has 
been the clarification of some major 
methodological problems associated 
with the concept of perception. There 
is now general agreement, for example, 
that experimental arrangements must 
provide for experimental or statistical 
separation of the relative contribu- 
tions of the perceptual system and 
response biases to overt (indicator) 
responses (Garner, Hake, & Eriksen, 
1956; Kanfer, 1956). This issue is 
most clear in the case of perceptual 
recognition studies where the problem 
is one of isolating variables that affect 
seeing from those that affect saying 
(Neisser, 1954). The influence of 
prior training on subsequent recogni- 
tion thresholds has been demonstrated 
to be so strong that response bias has 
often sufficed to explain the experi- 
mental results without recourse to the 
properties of the perceptual system 
that might contribute to recognition. 
However, typical procedures for de- 
termining thresholds by the ascending 
method of limits produces a shift in 
the relative contribution of sensory 
input and prior established response 
biases (Bricker & Chapanis, 1953). 
Consequently, the extent of influence 
of each of these systems to recognition 
responses has been difficult to isolate. 
Two quite distinct methods for 
separating the relative effect of the 
perceptual and the associative re- 
sponse variables to recognition have 
been suggested. One approach (Black- 
well, 1952) involves experimental situ- 
ations in which the instrumental recog- 
nition or “indicator” response varies 
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systematically over a series of presen- 
tations of a particular stimulus; Le, 
response transposition. A second 
method is designed to study the effects” 
of the particular experimental pro- 
cedures in the absence of perceptual 
input (Hochberg, 1956). Once th 
effects of the procedures alone a 
known, perceptual variables could: 
then be systematically introduced: 
Goldiamond and Hawkins’ (1958) 
recent study of the effects of pretrain 
ing on recognition responses in @ 
quasiperceptual task is an example 
of this latter approach; i.e. al 
attempt to isolate the “pure” effects 
of response biases. 

The present investigation was de: 
signed to determine the effects of 4 
perceptual set on response biases in a 
quasiperceptual situation. Such re 
sponse biases may be more or | 
congruent with the demands of th 
task situation. Additionally, th 
is a set to attend to external stimula 
tion in any perceptual experimem 
It might be expected that any variabl 
which affects S's expected source of 
available information would furthi 
influence response probabilities; th 
effects could not be ascribed to 
“response” system or response bi 

In the present study we were con 
cerned with two factors which wo 
appear particularly important in 
stricting free utilization of previousl 
trained responses in perceptual rec 
nition experiments. First, instruc 
tions to “look at the screen” eyo% 
perceptual attending responses which 
provide, through visual exploratt 
indeterminate sensory input likely 
modify response biases. Second, f 
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ure to receive stimulus confirmation 
of identifying responses has frustrat- 
ing and emotional consequences known 
to alter response probabilities (James 
& Rotter, 1958). Removal of an F- 
defined stimulus, therefore, may mini- 
mize the effects due to perceptual 
input, but does not necessarily pro- 
vide a “pure” situation for the opera- 
tion of previously acquired response 
biases. 

These considerations lead to the 
following hypothesis. Maximum ef- 
fectiveness of prior training will be 
manifest where: (a) Ss expect no 
additional “external” information prior 
to their response; i.e., when there is 
no perceptual input with which the 
response can be brought into con- 
gruence, and (b) when Ss expect 
minimal accuracy of recognition and 
thus adverse effects of negative rein- 
forcement (“incorrect responses”) are 
minimized. Conversely, conditions 
which evoke a set to perceive and 
which fail to provide confirmation of 
perceptual expectancies should re- 
strict utilization of response biases. 
A third experimental condition in 
which the set to perceive is minimized 
but in which the confirmation of 
response accuracy is maximized, or 
vice versa, should result in inter- 
mediate contributions of the response 
biases. 

In order to test this hypothesis 
three groups of Ss were tested in a 
quasiperceptual task. The first group 
(ESP) was instructed that no percep- 
tual information would be forth- 
coming. The second group (SLP) 
was told that some information would 
be presented and response accuracy 
was expected. The third group 
(LNG) was instructed that informa- 
tion must come from ‘“‘internal”’ 
sources, i.e., from memory. It was 
predicted that relative accuracy due 
to response biases would be most 
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congruent with pretraining frequency 
under ESP, and least congruent under 
SLP instructions. The LNG group 
was expected to fall between the 
other two groups. 


METHOD 
Subjects 


The subjects were 42 male college students 
from an introductory psychology course, 


Stimulus Materials 


The stimulus words and word lists for the 
training series were identical to those by 
Goldiamond and Hawkins (1958). Ten non- 
sense words were arranged into five pairs 
which were systematically varied so that each 
pair was presented at five different frequen- 
cies during pretraining. Thirteen extraneous 
words appeared only once during training 
and not at all during the test phase. The 
paired words were: MIV, WUX; TUD, ZOF; 
HIF, MIF; FEP, HAJ; VUK, vor. Five decks 
of 99 cards each were prepared so that word 
pairs and training frequencies were counter- 
balanced. Training frequencies used in the 
study were 25, 10, 5, 2, and 1. Subjects were 
assigned randomly to training deck and 
experimental group. 


Training Procedures 


Each word was typewritten in capital 
letters in the center of a 3 X 5 in. white card. 
The deck was shuffled separately for each S 
and placed face down between Æ and S. 
The Ss were told that these words were from 
a foreign language and that S was to spell and 
pronounce the word exposed on each stimulus 
card. A card was presented every 8 sec. 

As interpolated material, § was given 
material, excerpted from national magazines, 
to read during a 10-min. interval between 
training and the test situation. For each 
group, the contents of the material was 
directly relevant to the instructional condi- 
tions to which S has been assigned.! 

The Ss sat 6 ft. in front of a 10 X 12 in. 
milk glass screen centered on a 6 X 10 ft. 
table divider. A signal light was mounted 
above the screen. “Stimulus” presentation 
was automatically controlled. A warning 
bell sounded 2 sec. prior to stimulus presenta- 
tion. A 7-sec, interval between stimulus 


} ‘Copies of the excerpts used here will be 
mailed upon request to the authors. 


160 


z5 


20 


A 
$ 
gis 
4 
2 
m10 
& 
5 
o 
12 5 10 25 
Training Frequency 
Fic, 1. Trials to “recognition” as a function 


of training frequency and instructions. 


presentation and the bell signaling the next 
trial was maintained, 


Instructional Conditions 


Following pretraining, instructions were 
systematically varied in three respects: (a) 
the contents of the interpolated reading 
material; (b) the nature of the “stimulus” 
presented during the test phase; (c) the stated 
purpose of the experiment. The essential 
aspects of these variations are presented 
below. 

Extrasensory perception group (ESP).— 
Interpolated reading material consisted of 
excerpts from national magazines on ESP 
phenomena. The Ss were told that 2 sec. 
after the warning bell E would be thinking of 
one of the foreign words which S had pro- 
nounced earlier. When E was “concentrating 
the hardest” and the possibility of S receiving 
the thought wave was at its maximum, E 
would turn on the signal light. At that time 
S was to report the word image that appeared 
in his mind. It was further emphasized § 
should guess what word it was, even though 
the word appeared only dimly in his mind, 
since the purpose of the experiment was to 
determine the extent to which S would receive 
the thought waves of another person.? 

: Subliminal perception (SLP).—Instruc- 
tions for this group were as similar as possible 
to those reported by Goldiamond and 
Hawkins (1958). The phenomena of sub- 
liminal perception was emphasized in intro- 


s 2For the information of the purists, E 
did concentrate on the correct word for one- 
half of the trials for each S. 
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ducing the reading material. The contents of 
the reading material was relevent to sub= 
liminal perception findings during recent 
years. Following the interpolated activity $S 
was told that 2 sec. after the warning be 
one of the foreign words he had seen and 
pronounced in the training series would be 
flashed on the screen, The word would ap- 
pear very briefly and S should respond, even 
though he felt he was guessing, since the 
purpose of the experiment was to relate 
behavior to unseen or barely seen stimuli, 
Learning group (LNG).—The interpolated 
reading material dealt with the effects of 
“learning without awareness” on subsequent 
behavior. The Ss were told that 2 sec. after 
the warning bell Æ would be ready to record 
his answer and would turn on a signal light 
to indicate this fact. The S was to respond 
with any one of the foreign words which he 4 
recalled from the earlier list. The S was 
instructed to “search his memory” on each 
presentation since the purpose of the experi- 
ment was to relate behavior to the memory 
for events which S had not been aware oj 
learning. à 
The Ss in all three groups were asked to 
respond when the “stimulus” was flashed. 
They were also told that only pretrained 
words would be used and Æ would inform 
them when they had responded correctly. 
“Recognition” in each case was defined as 
congruence of S's emitted response with the” 
predetermined randomly selected word which 
had to be guessed on each series. After a 
correct response or 25 incorrect trials a new 
series was begun. A total of 10 series, repre 
senting two words at each frequency, Was 
administered to all Ss. ‘ 


Recall Conditions 


Following the quasiperceptual task, 
were asked to write down all the words the 
could remember from the pretraining series. 

i 


RESULTS | 


Trials to recognition.—Trials to 
recognition represents the number of 
responses made before S emitted 
response that matched the one selected 
by E for that series. The relationshi 
between pretraining frequency at 
trials to recognition for the three e 
perimental groups is presented i 
Fig. 1. 

In order to reduce the skewness 
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the distribution, due in part to limit- 
ing each recognition series to 25 trials, 
a square-root transformation was per- 
formed. Analysis of these trans- 
formed data is shown in Table 1. 

The analysis indicates that the 
groups differ significantly in the total 
number of trials required to emit the 
preselected response over all training 
frequencies (F = 12.50; P< -01). 
Except when a word appeared only 
once in pretraining, the ESP group 
consistently gave the appropriate 
response earliest and Ss in the SLP 
group gave it latest in the series. 
The interaction between frequency 
of pretraining and groups is not sig- 
nificant. Both frequency of prior 
occurrence and instructions, there- 
fore, have significant effects on the 
order of appearance of pretraining 
responses at each of the pretraining 
frequencies, and these effects are con- 
sistent for all the groups. Variation 
in the expected source of information, 
induced through instructions, had 
the predicted effects on “correct 
recognition.” 

Number of words recognized—Com- 
parison of number of words recognized 
represents another measure of the 
effects of experimental treatment. It 
has an advantage in that it is free of 


TABLE 1 


ANALYSIS OF VARIANCE OF SQUARE Roor 
TRANSFORMATIONS OF TRIALS TO “(Cor- 
RECT” RESPONSE FOR 10 SERIES OF 
PRESELECTED Worps oF Five 
VARYING FREQUENCIES 


Source df MS F 

Between groups (G) 2|21.968 | 12.50* 

Pooled Ss in groups 39| 1.757 
Within groups 78 

Training frequency (F) | 4/82.227| 72.57* 

FXG 8| 1.947| 1.72 

F X W Ss pooled in 

groups 156| 1.994| 1.76* 

Within-cells error 210| 1.133 
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Fic. 2. Percentage of words recognized 
as a function of training frequency and 
instruction. 


any biasing effect due to restricting 
each series to 25 trials. The mean 
number of words recognized by the 
respective experimental groups was: 
ESP, 5.71; LNG, 4.47; and SLP, 
3.36. Figure 2 presents these data, 
converted to percentages, for the 
three groups at each of the training 
frequencies. The ESP group reaches 
100% accuracy of “recognition” at 
the highest training frequency and 
also shows higher average percentage 
of words recognized at each of the 
frequencies, excepting one. Analysis 
of variance of the mean number of 
words recognized yields F ratios 
beyond the .01 level for both frequency 
(F = 35.21) and groups (F = 10.47), 
These results are consistent with those 
obtained in the analysis of trials to 
recognition. 

Number of words recalled.—If frus- 
tration and/or negative reinforcement 
associated with incorrect responses 
during the task series did not alter 
response biases, no differences among 
these groups would be expected in 
recall, since the “stimulus” conditions 
on this task were identical for all 
groups.’ The average number of 

3 In contrast to the preceding task, all Ss 
were instructed to “try to remember”; thus 


the recall condition was most similar 
c $ te 
LNG instructions. ir? 
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Fic. 3, 
„recalled as a function of training frequency 
and instructions, 


Percentage of words correctly 


correctly recalled words was 4.86 for 
the ESP group, 3.66 for the LNG 
group, and 3.37 for the SLP group. 
Analysis of variance of these data 
yielded an F of 4.57 (P < .05) for 
the main effect of groups. 

Figure 3 presents the percentage 
of words correctly recalled as a func- 
tion of training frequency and experi- 
mental treatment. The order of the 
groups on this measure is similar to 
that obtained on the other measures 
with the greatest effects of pretraining 
again reflected in the performance of 
the ESP group. 


Discussion 


These results indicate that response 
biases in quasiperceptual situations may 
be affected not only by frequency of 
pretraining but also by response sets 
induced through instructions. More 
specifically, it was found that a percep- 
tual set attenuates the dependency of 
“recognition” responses on frequency of 
prior experience even in the absence of 
a specified stimulus. These data lend 
support, therefore, to the hypothesized 
effects of variation in the expected source 
of information and consequences of re- 
Sponse accuracy confirmation on response 
biases in perceptual task situations. 

If behavior is conceptualized as a 
Process in which perceptual responses 
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mediate overt responses (Kanfer, 1956), | 
then one would expect any increase in 
irrelevant external stimulation to evoke 
a greater number of perceptual identi- 
fying responses and, therefore, greater” 
variability in overt responses. Further, 
such “attending responses,” whether 
aroused by instructions or subsequent 
irrelevant stimulation, lead to informa- 
tional input that may be incongruent 
with S’s response biases. In the sub- 
liminal perception conditions, for ex- 
ample, random sensory input from the ~ 
flash on the screen, etc. would, according 
to this assumption, evoke identifying 
responses which then modified and re- 
stricted the availability of pretrained 
responses. No such irrelevant events 
were systematically attended to in the 
other groups. However, instructions 
to the LNG group did emphasize that 
response accuracy was an important 
factor in the task. It was predicted tha 
failure of confirmation of response acg 
curacy would generate frustration am 
emotional concomitants of failure that 
would effectively change the biases 
established in the training session. That 
this factor alone is sufficient to modify 
response probability may be inferred — 
from the performance of Group LNG. 
Finally, the performance of Group ESPE 
obtained under conditions where neither — 
the orientation toward external informa~ 
tion nor response accuracy confirmation 
constituted aspects of the experimental 
treatments indicates that these instruc- 
tional factors reduce the maximum 
effectiveness of prior training. 

Omission of an E-defined stimulus is an 
insufficient basis for the inference that 
perceptual variables do not system- 
atically influence indicator responses 1m 
perceptual tasks. The simple instruction 
to the human S that he attend to an 
external stimulus (a constant but not 
trivial aspect of perceptual research) 
produces altered states of the organism 
which must be taken into account when 
ever the effects of additional variables 
on perceptual processes are to be studied. 
If the definition of perception is thus 
broadened to include situational ang 
organismic factors, such as those whic 
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influenced behavior in this experiment, 
then the quasiperceptual situation may 
serve as a method which will permit 
the isolation and exploration of some of 
the complex variables operating in per- 
ception tasks. The isolation of these 
component processes and their contribu- 
tion to overt responses in various per- 
ceptual situations remains a primary goal 
of future research. For example, deter- 
mination of motivational and other atti- 
tudinal factors operating to modify 
response biases may help to resolve 
further the contradictions arising from 
perceptual defense studies. 


SUMMARY 


The present study determined the effects 
of expected source of information on response 
biases in a quasiperceptual task. It was 
predicted that response biases, acquired 
through prior training, would contribute 
maximally to “recognition” responses under 
conditions where: (a) Ss expected no addi- 
tional external information; (b) accuracy of 
recognition was minimized. Each of 42 Ss 
was pretrained by pronouncing nonsense 
words presented for differing number of 
trials. Following pretraining, Ss were divided 
into three equal groups. Group ESP read 
interpolated material concerning extrasen- 
sory perception and was then instructed to 
respond to E's “thought concentration” dur- 
ing the quasiperceptual task situation. Group 
LNG was given comparable reading material 
emphasizing subconscious factors in learning 
and memory and then was instructed to search 
his memory during the task situation, Group 
SLP read articles suggesting the effectiveness 
of subliminal perception and was instructed to 
respond to “subliminally” presented words 
during the task situation. No stimulus word 
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was presented during the task situation to any 
of the groups. Accuracy of responses as 
measured by trials to recognition, number of 
words recognized, and recalled words, was 
significantly greater for Group ESP than 
either Groups SLP or LNG, The implications 
of these findings for methodology in perception 
studies were briefly discussed. 
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REINFORCING PROPERTIES OF THE ONSET OF 
AUDITORY STIMULATION ' 
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Recent reviews of the experimental 
literature (Glanzer, 1958; Waters, 
Rethlingshafer, & Caldwell, 1960) 
summarize a growing body of data 
which is congruent with the “sensory 
reinforcement” hypothesis, i.e., oper- 
ant behavior probability may be 
increased and maintained by stimuli 
unrelated to the usual organic need 
states (Barnes, Kish, & Wood, 1959). 
The data reviewed appear to fall 
into four general groupings: 


1. Studies reported by Harlow et al. (e.g., 
Harlow, 1950; Harlow, Harlow, & Meyer, 
1950) report that monkeys will engage in 
extensive manipulatory and puzzle-solving 
behavior without the presentation of any of 
the ordinary primary or secondary reinforcers. 

2. Butler reported excellent learning by 
monkeys if the “correct” response led to such 
visual stimulation as a 30-sec. exposure to 
the environment outside the test cage (Butler, 
1953) or such auditory stimulation as the 
sounds arising from the monkey colony 
(Butler, 1957). 

3. Montgomery has reported in a series 
of papers (e.g., Montgomery, 1954; Mont- 
gomery & Segall, 1955) that mazes may be 
learned by rats if the “correct” response leads 
to any one of a variety of complex stimuli 
(e.g., a Dashiell maze) which has never been 
experimentally associated with primary drive 
reduction. 

4, The above groups of studies all involve 
stimulation of extreme complexity, A fourth 
group of studies deals with the effects of much 
less complex stimulation on relatively simple 
behavior. These studies uniformly report 
that the onset of dim illumination is intrin- 
sically reinforcing for rats (e.g., Girdner, 
1953; Marx, Henderson, & Roberts, 1955) and 
Pe aie (eg., Barnes et al., 1959; Kish, 
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A basic question, relative to the sen- 
sory reinforcement hypothesis, raised 
by the fourth group of studies is that 
of the generality of the phenomenon. 
Will stimulation in modalities other 
than vision prove to be sensory rein- 
forcers? The studies of Harlow, 
Butler, and Montgomery suggest that 
sensory reinforcement may operate 
in situations other than contacting 
or depressing a lever and that tactual, 
kinesthetic, and auditory stimuli may 
serve as sensory reinforcers. How- 
ever, the extreme complexity of the 
stimuli used in these studies and the 
possibility of their previous asso- 
ciation with primary reinforcement 
preclude unambiguous interpretation. 
For example in Harlow’s studies of 
manipulation, visual, tactual, and 
auditory stimulation as well as kines- 
thetic stimulation may be operating 
concurrently. Also, Butler's (1957) 
finding that monkeys will learn a 
response which produces sounds from 
the monkey colony appears to be 
complicated by the secondary rein- 
forcing properties assignable to such 
sounds through the past history of Ss 
in the colony itself. 

The objective of the present study, 
therefore, is to investigate the effects 
of various frequencies and intensities 
of auditory stimulation upon the 
lever-contacting behavior of mice in a 
situation in which response-contingent 
stimulation in other sensory modali- 
ties has been reduced to a minimum. 


METHOD 


Subjects. —A total of 1000 Ss, 880 male and 
120 female C57 Black Subline 6 mice, 50- 
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days of age were tested in this study. The Ss 
were received in blocks of 120 and housed 
in a large communal living cage in which 
Purina lab chow and water were constantly 
available. Female Ss were equally distributed 
among the 40 conditions of the second phase 
of the experiment. 

Apparatus—The apparatus has been ex- 
tensively described elsewhere (Barnes et al., 
1959) and comprised three identical sets of 
equipment, each consisting of a 5} X 54 X 5} 
in. ventilated Skinner-type box placed within 
a large, sound-insulated wooden box. Base 
noise level in the box was 30 db, From one 
of the flat black walls of the box an immovable 
U-shaped bar protruded 3% in. Contacts by 
S with this bar activated a Hunter electronic 
relay which in turn operated cumulative re- 
corders (Gerbrands Model C and/or ZDG-I 
3/0 printing counters), Cramer .01-min. run- 
ning time meters, and sound presentation 
equipment located in an adjoining room. 

The top of each box was closed by a wooden 
framework containing a Quam speaker Type 
732, covered by a wire screen, during the first 
phase of the experiment. During the second 
phase the wooden framework contained an 
Olson S-297 high-frequency tweeter. Sound 
stimulation was produced by an H. H. Scott 
Type 810-A white noise generator and 
Heathkit Audio Signal Generators, all am- 
plified by Heathkit high fidelity amplifiers, 

Control equipment provided for a com- 
pletely automated experimental cycle 1 hr. 
in length, divided into three consecutive 
20-min. experimental periods. Thus the 
three experimental periods were timed, data 
were recorded, and stimuli were presented 
automatically.’ 

Procedure.—The experiment utilized the 
10 X 5 X 2 factorial design defined by 10 
frequencies, 5 intensities, and 2 contingencies, 
as follows: (a) Frequencies (in cps): white 
noise, 700, 1200, 2000, 4000, 6000, 9000, 12000, 
14000, 16000. (b) Intensities (in db.) : 45, 55, 
65, 75, 85. (c) Contingencies: tone contingent 
on bar contact, tone not contingent on bar 
contact. 

During the first 20-min. period (hereafter 
called “operant level”) of the 1-hr. experi- 
mental session, the unconditioned rate of bar 
contacting was determined; no auditory 
stimulation was presented during this period. 
During the second 20-min. period (hereafter 
called ‘‘conditioning’’) the Contingent groups 
received pure tone or white noise of appro- 


3 Automation of the experiment was made 
possible by a grant-in-aid from the Wilson 
Coe Research Fund, University of Maine. 


priate intensity and frequency as the conse- 
quence of each bar contact; duration of 
stimulation was equal to duration of bar 
contact. In the Noncontingent groups, sound 
stimulation of appropriate frequency and 
intensity was presented for 1 sec. every 18 
sec., independently of the behavior of S. 
During the final 20-min. period (hereafter 
called “‘extinction”) the operant level con- 
ditions, i.e, no sound stimulation, were 
reinstated, 

Owing to technical problems related to 
sound production and sound intensity meas- 
urement, the experiment was run in two 
phases. Phase I included frequencies from 
white noise through 6000 cps and Phase II 
included frequencies from 9000 cps through 
16000 cps. For measurements in Phase II, 
a calibrated microphone (Electrovoice Model 
655C) was substituted for the original 
Rochelle salt microphone on the General 
Radio Sound Level Meter, thus requiring a 
slight change in the technique of sound 
measurement. All sound measurements re- 
ferred to in the experiment was taken on the 
“A” weighting of the sound level meter. 

During Phase I, Ss were run in 10 squads 
of 60 mice each, randomly distributed among 
the 60 possible experimental conditions. 
Similarly, Ss in Phase II were run in 10 
squads of 40 mice each, randomly distributed 
among the 40 possible experimental condi- 
tions. Thus 100 independent groups of 10 
Ss each were tested. 

Data consisted of (a) cumulative response 
records of the performance of each S during 
the entire experimental session and (b) total 
numbers and total durations of bar con- 
tacts during each 20-min. period of a given 
experimental session, 


RESULTS 


Cumulated response times in each 
experimental period were converted 
for each S into average time per 
response (hereafter called T), in 
seconds, for each period. The T 
measures and total numbers of re- 
sponses emitted during the operant 
level, conditioning, and extinction 
periods were then converted by sub- 
traction for each S into the difference 
scores (a) C-OL (Conditioning minus 
Operant Level) and (b) OL-E (Oper- 
ant Level minus Extinction). This 
conversion was made because exten- 
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TABLE 1 
F VALUES FOR ALL MEASURES 
Total Responses Selected Responses* | T = Time/Responses 
Source of Variation af ‘ahs 


C-OL 


c-OL OL-E coL E-C OL-E 
Frequency (Fr) 9,900 4.14** 0.74 3.84** 1.02 0.94 1.34 i 
Intensity (db.) 4,900 2.65* 1.52 2.18 1.29 Lhe a 1.12 
Contingency (Co) 1,900 0.52 1.32 .15 2.03 1.59 0.04 
Fr X Co 9,900 1,92* (1.14 .62 2.48** 1,90* 1.28 
db. X Co 4,900 1.49 0.69 .27 0.37 3.14* 1.24 
Fr X db. 36,900 1.30 0.93 1,20 0.84 1.44* 1,19 
Fr X db. X Co 36,900 0.87 0.69 .85 1.15 1.28 1.21 

a Comparison is between responses in first 5 min, of one period (e.g., C) a last 5 min, of second 


period SA OL). 
* pP <05. 
** P <01, 


sive experience with light-onset rein- 
forcement has indicated that such 
difference measures are considerably 
more sensitive than are the raw data. 
The outcomes of analyses of variance 
of the difference scores are summar- 
ized in Table 1, and Fig. 1-4 dis- 
play the data for those difference 
scores yielding at least one F value 
significant at or beyond the .05 level.‘ 

4 All computations were done at the MIT 


Computation Center, Cambridge, Massa- 
chusetts. 
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Fic. 1. Mean C-OL response measures for each group. (Each point represents the performat 
of an independent group of 105s.) 


The figures indicate that, in spite 
of the moderately large groups stud- 
ied, considerable irregularity is the 
rule. Some general trends may, how- 
ever, be noted. It may be seen i 
Fig. 1, for example, that only rarely 
did a group emit more responses dur- 
ing the conditioning period than 
during the operant level period; ye 
an overall downward trend is clearly 
apparent as frequency increases, thu 
accounting for the highly significam 
F value for this major variable. 
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Mean C-OL average time per response (T) for each group. 
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(Each point represents 


the performance of an independent group of 10 Ss.) 


significant inverse relationship be- 
tween sound intensity and the C-OL 
measure for responses is also present, 
although this function is probably 
not a maximum at the lowest intensity 
of 45 db. The significant Frequency 
X Contingency interaction reflects a 
trend for the contingent groups to be 
above their noncontingent controls 
at frequencies below 6000 cps but 
below the noncontingent groups at 
higher frequencies. 

Figure 2 indicates that most groups, 
both contingent and noncontingent, 
yielded higher average response times 
during the C period than during the 
OL period. The F values reported 
in Table 1 indicate, however, that 
the conclusions reached in the pre- 
ceding paragraph concerning response 
frequencies also follow, perhaps even 
more clearly, from the T data. The 
significant Intensity X Contingency in- 
teraction for the C-OL difference for 
T is apparently due to a general trend 
for the contingent groups to yield 
larger T values than their controls 
at intensities of 75 db. and below, 
but smaller T values above 75 db. 


Difference scores obtained by sub- 
tracting numbers of responses made 
during the last 5 min. of OL from 
those made during the first 5 min. 
of C are displayed in Fig. 3. This 
measure does not show the abrupt 
acceleration in response rate charac- 
teristic of contingent groups in light- 
onset experiments when the condition- 
ing period begins (Barnes & Kish, 
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Fic. 3. Average scores for the first 5 min. 
of conditioning responding minus the last 
5 min. of operant level responding. (The 
average is taken across Intensity and Con- 
tingency since analysis of variance indicated 
no significant effects for those two variables.) 
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Fic. 4. Average scores for the first 5 min. 
of extinction responding minus the last 5 min. 
of conditioning responding. (The average 
is taken across Intensity since analysis of 
variance indicated no significant effect for 
that variable.) 


1958). There is, rather, no more 
than a general downward trend in 
this measure as a function of fre- 
quency increase alone ; the contingency 
variable appears to play no role here. 

An acceleration is sometimes found 
at the beginning of extinction fol- 
lowing a conditioning period with 
the usual organically-based reinforcers 
(e.g., Skinner, 1938). However, scores 
obtained by subtracting numbers of 
responses made during the last 5 min. 
of conditioning from those made dur- 
ing the first 5 min. of extinction (see 
Fig. 4) do not show that a general 
acceleration in response rate occurred 
when the extinction period began in 
the present experiment. The sig- 
nificant Frequency X Contingency in- 
teraction for this measure seems, 
rather, to indicate a certain amount 
of quite irregular recovery from re- 
sponse suppression in those contin- 
gent groups exposed to high frequency 
tones during the conditioning period. 

The nonsignificant F values for the 
two OL-E measures indicate that 
average response times and overall 
response rates were approximately 
equal for all groups during the operant 
level and extinction periods. 


Discussion 


The time and frequency data appar- 
ently indicate that response-contingent 
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low-intensity sounds, toward the lower 
end of the examined frequency spectrum, 
generally maintain behavior at levels 
slightly but significantly above control 
group levels. The inference that sound 
may act as a sensory reinforcer seems 
to follow rather directly, thus indicating 
some generality for the sensory rein- 
forcement phenomenon. It is, however, 


clear that the positively reinforcing 
properties of such sounds are quite weak 
in comparison with the reinforcing 
properties we find routinely in our 


laboratory in the case of dim-light onset. 
We generally find, in the strain of mice 
studied in the present experiment, that 
response-contingent illumination onset 
results in an approximate doubling of 
the prevailing response rate. In contra- 
distinction, we have found in the present 
study that response-contingent tones do 
not in general increase the prevailing 
rate at all. Rather, response-contingent 
tones, in certain ranges, simply maintain 
the rate at an overall level greater than 
would be expected if such tones were 
not response-contingent. In the low 
frequency and low intensity ranges, 
then, tone onset seems to operate as a 
weak positive reinforcer, with reinforcing < 
strength especially indicated by the 
occasional marked peaks in the C-OL 
measures for contingent groups. The 
existence of peaks of such magnitudes 
at specific frequency and intensity values 
would seem, however, to require inde- — 
pendent replication before definite con- 
clusions concerning them can be reached. 

At frequencies above 9,000 cps the 
weak positive reinforcing effects of tone 
onset were apparently replaced by an 
aversive effect rather clearly exhibited 
by the 75-db. and 85-db. contingent 
groups. It is interesting to note that 
85-db. tones contingent upon bar contact 
did not produce a response suppression 
over the total frequency range here 
investigated; such suppression was not 
evident until frequencies of 12,000 cps 
and above were involved. To what 
extent this suppression-failure depends — 
upon the auditory capabilities of the: 
mouse isa matter for speculation, for these 
capabilities do not seem to be known. — 
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Although the positively reinforcing 
effects of the experimental treatments 
were evident during the conditioning 
period, such effects were not sufficient 
to yield significant response or time 
differences between the extinction and 
operant level periods. The same result 
has, however, also been found by the 
authors in the case of light-onset rein- 
forcement (Barnes & Kish, 1958), and 
may simply be characteristic of sensory 
reinforcers when continuous reinforce- 
ment prevails during a conditioning 
period of 20 min. or longer. It may be 
that a 20-min. conditioning period, with 
a continuous reinforcement schedule in 
effect, is sufficient time for production 
of satiation for the sensory reinforcer. 
The result would be that low response 
rates appear during an immediately 
subsequent extinction session, and ex- 
tinction responding would then not dif- 
fer significantly from operant level re- 
sponse measures. More data on this 
point are clearly needed, for massive 
carry-over into extinction of the effects 
of a reinforcement period are easily 
demonstrated for such reinforcers as 
food and water. 

One hypothesis which might be sug- 
gested immediately to account for the 
weakly positive effects of tones at low 
frequencies and intensities but negative 
effects at higher ones would be that, in 
the case of tones at least, positively 
reinforcing properties are exhibited at 
frequency values toward the limits of 
the hearing range of the mouse. The 
data presented herein would then be 
accounted for as being toward the bottom 
of the hearing range of the mouse, and 
one would then wish to examine fre- 
quencies toward the upper limit of the 
range. Verification of such an interpreta- 
tion must await the collection of absolute 
threshold data, as a function of fre- 
quency, for the mouse. Data of this na- 
ture are not available, to the knowledge 
of the authors. 

Another hypothesis arises from the 
everyday observation that moderate 
response rates are generated in human 
children by toys and other environmental 
objects which can be made to produce 
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noises. Such observations are, of course, 
unsystematic and secondary reinforcing 
properties may certainly have been 
assigned to sounds by their associations 
with primary reinforcement in the past 
history of the child. Nevertheless, Frey 
(1960) has found that high response 
rates appear in a lever-pressing situation 
with preschool children when bar pressing 
produces a meaningless sound. It is, 
therefore, conceivable that a phylo- 
genetic variable operates in the case of 
sounds-as-reinforcers, so that the small 
magnitude of the positive effects re- 
ported in the present experiment is due 
in part to the phylogenetic position 
of the mouse. Mammals better adapted 
than the mouse to the use of sounds as 
cues for movement might display a more 
marked sensory reinforcement effect 
than we were able to demonstrate with 
mice. 

A recent experiment from our labora- 
tory (Barnes & Baron, 1961) suggests 
a third hypothesis. This experiment 
involved substituting for the light rein- 
forcer which we have always used with 
mice (i.e., a diffuse overall illumination 
of the entire experimental compartment) 
another visual stimulus, viz., a small 
pattern displayed on a Lucite screen just 
above the response lever. It was found 
that different patterns yielded response 
rates which differed at unusually great 
levels of statistical significance. An 
obvious extension of the result to sound 
stimuli would be that response-contin- 
gent sound patterns, perhaps both tem- 
poral patterns and tones presented in 
chord patterns, might be expected to 
produce response rates substantially 
higher than those found in the present 
experiment. 


SUMMARY 


An experiment was performed, using 1000 
mice as Ss, to test for possible reinforcing 
effects of the onset of various frequencies and 
intensities of auditory stimulation. The 
experiment utilized a factorial design defined 
by 10 frequencies, 5 intensities, and 2 con- 
tingencies (sound contingent on bar contact 
and sound not contingent on bar contact), 
Each S was tested in a single 1-hr. Experi- 
mental session consisting of a 20-min. Operant 
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Level period, followed by a 20-min. Condi- 
tioning period, followed by a 20-min, Extinc- 
tion period. Both total number and total 
duration of bar contacts were recorded during 
each of the 20-min. periods. 

The results indicated that auditory stimu- 
lation, in certain frequency and intensity 
ranges, showed positive reinforcing properties 
primarily by maintaining response rates in 
the contingent groups above those of the 
noncontingent groups during the conditioning 
period. This effect varied as a roughly in- 
verse function of both frequency and in- 
tensity. The data were interpreted as show- 
ing that onset of auditory stimulation can 
function as a sensory reinforcer, though a 
considerably weaker one than onset of dim 
illumination. 
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DIFFERENTIAL EFFECTS OF SHOCK IN HUMAN 
MAZE LEARNING}? 


SAMUEL M. FELDMAN ? 
Allan Memorial Institute, McGill University 


The early observation of Tolman, 
Hall, and Bretnall (1932) that electric 
shock facilitates learning, even when 
the shocks follow correct responses, 
has been confirmed by an impressive 
number of subsequent investigations 
(eg., Feldman, 1954; Freeburne & 
Schneider, 1955; Freeburne & Taylor, 
1952; Muenzinger, 1934; Muenzinger, 
Bernstone, & Richards, 1938; Muen- 
zinger, Brown, Crow, & Powloski, 1952; 
Muenzinger & Newcomb, 1935 ; Muen- 
zinger & Powloski, 1951; Prince, 
1956). Muenzinger and Baxter (1957), 
on the basis of an investigation of 
the perceptual properties of shocks 
following correct (shock-right) and in- 
correct (shock-wrong) responses, have 
suggested that two factors operate 
when Ss are shocked. First, shock 
operates as a general facilitating 
mechanism, regardless of whether 
administered for correct or for incor- 


1 This paper is based on a thesis submitted 
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search, McGill University, in partial fulfil- 
ment of the requirements for the PhD degree. 
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Department of National Health and Welfare 
(Canada), Grant 604-5-69; Defence Research 
Board of Canada, Grant 9425-04; and Na- 
tional Research Council of Canada, Grant 
A.P. 29. The author is indebted to R. B. 
Malmo for his supervision, and for his gener- 
ous provision of laboratory facilities. He 
also wishes to thank W. R. D, Ross for his 
technical assistance, and M. M. Schnore for 
his many constructive comments and criticism. 

2 Now at the Department of Physiology, 
Albert Einstein College of Medicine, New 
York City. 
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rect responses. This is opposed to the 
common assumption that the only 
effect of shock is to produce avoidance. 
In addition to this, according to 
Muenzinger and Baxter, the shock 
takes on cue properties, leading to 
approach behavior in  shock-right 
groups and to aversive behavior in 
shock-wrong groups. The shock-right 
groups, however, must overcome an 
initial aversion to shock. It is this 
initial aversion that accounts for the 
ultimate superiority of shock-wrong 
over shock-right in Muenzinger’s data, 
In this explanation, Muenzinger 
and Baxter make two assumptions. 
The first is that shock-wrong groups 
always learn faster than do shock- 
right groups, an assumption which is 
not borne out by the available evi- 
dence. While this is usually the case, 
several experiments have resulted in 
shock-right being the superior condi- 
tion for learning (Feldman, 1954; 
Tolman et al., 1932), and in still 
others, no difference has been observed ` 
between shock-right and shock-wrong 
groups (e.g., Freeburne & Schneider, 
1955). A review of earlier studies sug- 
gests that intensity of the noxious 
stimulus employed may be the basis 
of these conflicting findings (see e.g., 
Muenzinger & Newcomb, 1935). It 
seems that when shock has been held 
to a relatively mild intensity (e.g., by 
allowing human Ss to adjust the inten- 
sity until they can “take no more”), 
shock-right has been the superior con- 
dition; but when the intensity of the 
shock has been relatively great (as in 
animal studies in which, e.g., E 
adjusts the current until S “jumps”), 
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shock-wrong groups tended to perform 
better. 

The second assumption of Muen- 
zinger and Baxter is that cue proper- 
ties alone differentiate the two shock 
conditions (i.e., shock-right vs. shock- 
wrong). If intensity isa critical factor 
in determining the relative effects of 
the two shock conditions, then the 
arousing properties of the shock stimu- 
lus bear investigation as well as the 
cue properties. 

The present study was designed to 
obtain data bearing on questions con- 
cerning the interaction between shock 
intensity and shock condition in 
learning. To this end, an objective 
criterion of the arousing properties 
of the shock stimulus was required. 
Several authors (e.g., Duffy, 1957; 
Malmo, 1958; Schlosberg, 1954) have 
recently suggested that the measure- 
ment of the level of activity in certain 
physiological systems might provide 
meaningful indicants of arousal. Ex- 
periments carried out on human and 
animal Ss at McGill University and 
at the University of Montreal have 
lent concrete support to this sugges- 
tion (see Malmo, 1959). The meas- 
urement of respiration rate, palmar 

conductance, and heart rate was there- 
fore undertaken in the present inves- 
tigation in order to study the arousing 
properties of shock intensity and 
shock condition in relation to the cue 
properties of these variables in a 
learning situation. 


METHOD 


Design—The Ss were randomly assigned 
to one of four groups, 15 to a group, ina 2X2 
factorial design. All Ss received 15 trials on a 
25-choice point “nailhead” finger maze. Half 
of the Ss received shocks for incorrect re- 
sponses while the other half were shocked for 
correct responses. Each of these two shock 
conditions were divided into a “high” in- 
tensity and a “low” intensity group. The 
four groups were thus high shock-right 
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(HSR), low shock-right (LSR), high shock- 
wrong (HSW) and low shock-wrong (LSW). 

Subjects—The Ss were 60 male under- 
graduates at McGill University. They were 
paid for their services at the rate of $1.00 
per hour. 

Apparatus—A_25-choice point nailhead 
maze was constructed by imbedding 50 
copper nails in a plywood board. They 
formed two adjacent columns of 25 nails each, 
which appeared to S as a mounted board 
containing a single vertical column of 25 
horizontal pairs of nailheads. The correct 
and incorrect sequences of nailheads were 
wired in parallel, independently of each other. 
This made possible shock administration and 
the recording of all responses. Each adjacent 
pair of nailheads thus constituted a single 
choice point. The correct sequence, for all 
groups, was L L RL RLLRRRLRR 
LLLRRLRRLLRL. 

When S touched a nailhead which was in 
the shocking circuit a condenser was dis- 
charged to his body through a large series 
resistance, which served to minimize indi- 
vidual differences in resistance. A shielded 
cable extended the shocking circuit from a 
control chamber to S's room, where one side 
was connected to the maze (either to the 
correct or to the incorrect sequence) and the 
other side was connected to a strip of brass, 
which was wrapped around the proximal 
phalanx of S’s right index finger. A metal 
thimble, filled with electrode jelly, was placed 
on this finger. When the thimble was brought 
into contact with the shock-wired nailheads, 
the circuit was completed through S's finger. 
Current flow, at the moment of discharge 
of the condenser was 3 ma. for the low-shock: 
groups and 9 ma. for the high-shock groups. 

Testing procedure —After a brief interview 
in E's office, S was taken into the testing 
chamber and seated in a chair with adjustable 
arm rests. All electrodes and attachments 
were applied, except for the shocking elec- 
trodes. The testing room was a shielded 
chamber which contained a table, adjustable 
chair, and electrodes, lead wires, and chem- 
icals necessary for electrode attachment. An 
adjacent room, with a window looking into 
the testing chamber, contained all of the 
recording equipment. During the experi- 
ment, S was observed by E through the 
window, and S could be heard through an 
intercommunication system. 

In order to get an estimate of S’s Jevel of 
physiological activity in a relatively relaxe 
condition, S was initially told that the study 
was a comparison of physiological activity 
during reading and during relaxation. After 
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a 25-min. period of magazine reading, with 
recording apparatus attached, and equip- 
ment turned on, S was asked to relax. A 
5-min. record of palmar resistance, respira- 
tion rate, and heart rate recorded during this 
session was used as a personal baseline for S. 
It was after this record had been taken that 
the learning task was introduced. Instruc- 
tions for learning were given, the maze was 
placed on the table before S, and shocking 
leads were applied. Each S had 15 trials, 
with a 1-min. interval between trials. A 
trial consisted of a single traversal of the 
complete maze, choosing one nailhead in each 
of the 25 pairs. No practice trials were given. 

Recording technique. —Heart rate was re- 
corded by means of a continuous electro- 
cardiographic tracing taken on an Offner 
Type D electroencephalograph. A chest 
placement was used for the electrodes, which 
were made of cellulose sponge, saturated with 
normal saline and electrode jelly. This 
Offner output signal was recorded on a chart 
drive which contained tracings of this and 
other systems which follow, as well as the 
responses made in learning. 

The period selected for sampling physio- 
logical activity was the pretrial period. The 
experiment required an estimate of S’s level 
of arousal produced by the total situation. 
Since a specific reaction-to-shock measure 
was not desired, the posttrial period was not 
selected for study. The pretrial measure- 
ments were samples of activity occurring 
during the period roughly 10 sec. prior to each 
trial. Since the four groups were independent, 
absolute level of activity could not be used. 
An estimate of S's resting level of activity 
had to be taken in order that S’s pretrial 
activity could be expressed in terms of a 
personal baseline. The resting level was 
estimated on the basis of pre-experimental 
samples, taken during the 5-min. resting 
period prior to the introduction of the 
learning task. 

In the case of heart rate, the pre-experi- 
mental measure was an average of five 10- 
cycle (i.e., 11 beats) samples taken at the 
end of each of the five minutes during the 
pre-experimental “rest” period. The pre- 
trial measure was an average of the 10 cycles 
preceding the beginning of each trial. These 


3 In addition to the systems reported here, 
electromyograms were recorded from the 
superficial extensor muscles of the left (in- 
active) forearm. These measurements were 
taken for purposes other than those of the 
present study, and are not discussed in this 


paper. 
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averages were based on conversions to beats 
per minute (b/m). 

Palmar conductance was calculated from 
a continuous recording of palmar resistance. 
The circuit used was a standard comparator 
bridge, with a current varying no more than 
2% when S's resistance was in the range of 
0 to 80,000 ohms. The monopolar technique 
employed for recording resistance has been 
reported in detail by Malmo and Davis 
(1960). 

Palmar resistance was measured in ohms 
and then converted to conductance in 
micromhos. The measurements were made 
at the beginning and end of each of the 10- 
cycle heart rate samples. There were thus 
10 measurements made during the pre- 
experimental period and two prior to each 
trial. 

Respiration rate was determined from a 
continuous recording taken with a tambour 
and pneumograph, An abdominal placement 
was used for the accordion pneumograph. 
The method used for sampling respiration was 
the same as that used for sampling heart rate, 
except that three complete inspiration- 
expiration samples were measured rather than 
the 10-cycle sample used in the case of heart 
rate. These measurements were converted 
to respirations per minute (r/m). 

In order to check on the reliability of these 
measurements, odd-even rank order correla- 
tions were calculated for each physiological 
measure, in each experimental condition. 
These were based on an average of each S's 
activity on odd trials with activity on even 
trials. In all cases except one, the resultant 
rho was greater than +.95. The one excep- 
tion was respiration rate in the HSR group, 
in which case rho was +.88. 

Treatment of data.—Since Ss received no 
practice trials, the number of errors made on 
Trial 1 was determined by chance alone. 
The error score used, therefore, was total 
errors/errors on Trial 1. In this way, each 
S's score was a function of an individual 
baseline. The same technique was employed 
in calculating time scores, i.e., total time/ 
time on Trial 1. 

Each measute of physiological activity 
for every S was expressed as mean pretrial 
activity divided by mean pre-experimental 
activity. Absolute level scores were not 
appropriate since the groups were independ- 
ent. The mean pre-experimental scores were 
based on the mean of five samples taken during 
the “resting” period. 

It was felt that a measure of arousal 
should be able to differentiate between the 
high-shock Ss and low-shock Ss. Since this 
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ERRORS ( PER CENT OF TRIAL 1 ) 


1-3 4-6 7-9 10-12 
BLOCKS OF THREE TRIALS 


13-15, 


Fic, 1. Errors (percentage of Trial 1) 


as a function of practice. 


has not been demonstrated for the measures 
employed in the present study, the criterion 
for the adoption of measures of arousal was 
their ability to provide this differentiation. 


RESULTS 


Learning. —As can be seen in Fig. 1, 
Group HSW made the least errors, 
Group LSW the most, while the two 
shock-right groups fell in between. 
This was the case for the time data 
as well, as is illustrated in Fig. 2. 
Table 1 presents a 2 X 2 chi square 
test of analysis of variance hypotheses 
(Wilson, 1956) for these data. In the 


TIME ( PER CENT OF TRIAL) 


1-3 4-6 7-9 


10-12, 
BLOCKS OF THREE TRIALS 


Fic. 2. Time (percentage of Trial 1) 
as a function of practice. 


13-15 
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TABLE 1 


2 X 2 Cut SQUARE ANALYSIS OF THE F 
OF SHOCK INTENSITY AND SHOCK CON- 
DITION ON LEARNING (TRIALS 
1-15/TRIAL 1) 


Chi Square 


Source of Chi Square Errors Time 
Total FY faa 8.8** 
Shock condition 2.4 1.1 
Shock intensity 0.0 1.1 
Interaction 9,3** 6.09% 


Note.—N = 15 Ss per group. 
*P<.01. 
ee P< 001, 


case of both time and errors, neither 
shock intensity nor shock condition 
had a statistically significant effect; 
only the interaction term was signifi- 
cant. Mann-Whitney U tests (Table 
2) showed that the difference between 
the LSR and LSW groups was signifi- 
cant for time and errors (P < .05), 
LSR being the condition associated 
with superior performance. Differ- 
ences between Groups HSR and 
HSW were not statistically significant. 
When the mean time and error scores 
on Trials 11 to 15 were analyzed 
(ie., Trials 11-15/Trial 1), the time 
data showed a clear reversal as a func- 
tion of shock intensity, Groups LSR 
and HSW being significantly faster 
than Groups LSW and HSR, respec- 
tively. Differences in this analysis for 
errors were in the same direction, but 
failed to meet statistical significance. 
TAB 

U's BASED ON DIFFERENCES BETWEEN 

GROUPS IN LEARNING 


2 


u 
Groups AE UN 
Compared = 

Time Errors 
LSR-LSW 1-15 64.0* 63.5* 
HSR-HSW 1-15 70.0 89.0 
LSR-LSW 11-15 46.0** 74.0 
HSR-HSW | 11-15 62.0* 74.0 


Note.—N = 15 Si . 
*P <05. A 
POE 
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TABLE 3 
MEAN LEVELS or PHYSIOLOGICAL ACTIVITY 
Respiration Rati Palm: 
“(Resp/Min) iha (Beais/Min) 
Group Meas. 
(A) (B) (C) (A) (B) (C) (A) (B) (C) 
M M B/A | M 
Pre- Exp. Pre-Trial] X400 |pre Exp Pre-Trial 3400 [Posse pa Sal ao 
LSR Mean | 17.1 17.7 | 103.4 | 145.6 | 146.5 | 104.6 | 80.9 | 82.4 | 102.0 
SD 2:2 2:2 7.6 47.4 | 38.3 22.4 | 10.7 11.4 5.6 
LSW Mean | 16.3 18.2 | 112.7 | 149.7 | 154.3 | 103.4 | 76.6 79.3 | 103.7 
SD 2.9 2.9 13.0 35.4 | 38.5 12.9 9.8 10.2 Aat 
HSR Mean | 16.7 18.7 | 112.8 | 144.6 | 163.2 | 118.3 | 78.1 81.7 | 104.7 
SD 3.0 2.8 10.8 | 49.2 | 33.7 26.9 | 12.5 14.2 7.8 
HSW Mean | 16.7 | 18.9 | 116.6 | 126.8 | 158.3 | 130.2 | 76.6 | 77.0 | 100.9 
SD 3.8 3.1 21.1 34.1 27.1 27.5 9.6 9.6 7.9 


Note.—N = 15 Ss per group. 


In looking at the effect of increasing 
shock intensity, no significant dif- 
ferences were observed for time or for 
errors between the two shock-right 
groups. Group LSW was, however, 
consistently poorer in learning than 
Group HSW; all differences, for time 
and for errors, were statistically 
significant. 

Physiological activity.—Table 3 con- 
tains the mean levels of physiological 
activity associated with the experi- 
mental conditions. Each entry in 
Column (C) represents a mean for 
15 Ss of mean pretrial/pre-experi- 
mental samples. It was pointed out 
earlier that any measure of physio- 
logical activity which is to distinguish 
between levels of arousal was required 
to differentiate the high-shock Ss 
from the low-shock Ss. As can be 
seen in Table 4, two of the three 
measures employed met this criterion ; 
in the case of heart rate, there was no 
difference between the high-shock 
and low-shock groups.* In the case 

4 Malmo and Surwillo (1960), in a recent 
study of sleep deprivation, found that heart 
rate increased significantly over a 3-day 
vigil in two Ss tested, but that heart rate 
decreased significantly in a third S. Activity 


of respiration rate the difference be- 
tween the high-shock and low-shock 
groups was significant beyond the .01 
level, high shock being associated with 
faster respiration than low shock. It 
can be seen in Table 4 that the inter- 
action term for respiration rate was 
also statistically significant; this is 


TABLE 4 


2 X 2 Cur Square ANALYSIS OF EFFECTS or 
SHOCK INTENSITY AND SHOCK CONDI- 
TION ON CHANGES IN LEVEL OF 
PHYSIOLOGICAL ACTIVITY 


Source of Respiration Palmar Heart 

Chi Square Rate Conductance] Rate 
Total 12.00*** 5.60" | 1,33 
Shock condition | 1.07 1.07 0,27 
Shock intensity | 6.67** 4.27* | 0,00 
Interaction 4.26* 0.99 1.06 


Note.—N = 15 Ss per group. 
*P <05. 


* P <01. 
#* pP <.001. 


in other physiological measures suggested 
that all three Ss increased in overall level of 
arousal as a result of the vigil. Heart rate, 
thus, may be an indicant of arousal through 
an increase in some Ss, and through a de- 
crease in others. Further study, both of Ss 
and experimental conditions in relation to 
heart rate, is needed. 


ww 
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due to the fact that the low-high dif- 
ference was much greater in the case 
of shock-right than in the case of 
shock-wrong (Table 3). " 

Palmar conductance also met the 
above cited criterion, High shock 
was associated with greater conduct- 
ance than was low shock. Table 4 
shows this difference to be significant 
beyond the .05 level. Only heart 
rate failed to meet this criterion, and 
was therefore rejected as a measure 
of level of arousal in studying the 
shock conditions. 

Wilson's 2 X 2 chi square test of 
analysis of variance hypotheses showed 
that the differences between shock 
conditions failed to meet statistical 
significance. The direction of the 
differences showed shock-wrong to be 
associated with higher levels of palmar 
conductance and respiration rate than 
shock-right. But these differences 
were not significant, 
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Discussion 


The many experiments in which hu- 
mans and rats have been shocked for 
correct responses in learning have dem- 
onstrated that shock can act as a general 
facilitating mechanism. This is con- 
sistent with recent statements on the 
role of arousal in behavior (see Hebb, 
1955; Malmo, 1959; Schlosberg, 1954). 
Muenzinger and Baxter (1957), in their 
investigation of the perceptual proper- 
ties of shock, argued that shock-right 


“lg bo Prince, 1956). The 
Present experiment represents an in- 
vestigation of the arousing properties 
of the shock stimulus, in relation to the 
work of Muenzinger and his colleagues. 
Guan ma tikes doss oe ot ts 

1938) spoke of the 
‘Operation of both general ad specific 
in the use of shock. They 
assumed that more than one mechanism 
and that the specific 
(which Muenzinger and Bax- 
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ter later concluded was primarily per- 
ceptual) did not contribute to the general 
one in an additive fashion. The data of 
the present experiment are consistent 
with this view, in that shock intensity 
was seen to be accompanied by differ- 
ences in level of physiological activity, 
while differences in shock condition 
were not.® 

In their report, however, Muenzinger 
and Baxter assumed that shock-wrong 
was consistently a better condition for 
learning than was shock-right. The 
data of our experiment show, on the 
contrary, that shock-right was the su- 
perior condition for learning when the 
shock intensity was relatively low. 


When shock intensity was relatively ~~ 


high, this was not the case; some meas- 
ures of learning showed no significant 
difference, and others showed shock- 
wrong to be the superior condition. In 
all cases, the direction of difference 
favored shock-right at low intensity 
and shock-wrong at high intensity. 
Muenzinger and Baxter further äs- 
sumed that once the initial aversion 
to shock was overcome by shock-right 
Ss, they would then regard the shock, 
and all cues associated with it, as cues 
for approach behavior, In addition to 
this, they felt that this would serve to 
equalize the two conditions, and no dif- 
ferences would then be observed between 
shock-right and shock-wrong groups 
Our data suggest that once the initial 
aversion to shock is overcome, shock- 
right, having the advantage of the shock 
and cues associated with it as signals 
for approach behavior, becomes the 
better condition for learning. _ This 
happened early in the case of Group 
LSR, but late in the case of Group HSR, 


sA note of caution must be introduced 
with respect to the lack of significance 
difference in respiration rate and palmar 
conductance between the shock-right and 
shock-wrong groups. All groups were i 
pendent, which is not an optimal condition 
for the study of differences in physiological 
activity due to experimental conditions, since 
the variance from S to S is considerable in 
these measures. The large variances in the 
present study could, conceivably, have 
to a Type II error. 
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resulting in the interaction between 
shock condition and shock intensity in 
learning. (Actually this failure to over- 
come the initial aversion to shock was 
quite varied in Group HSR, as was 
evidenced by the fact that the variance 
in this group, both for time and for 
errors, was significantly greater than for 
any other group.) 

The data suggest, in summary, that 
the increased facilitating effect of in- 
creased shock, evident in the shock- 
wrong groups, was not evident in the 
shock-right groups due to the fact that 
the initial aversion to shock was over- 
come sooner in Group LSR than in 
Group HSR, 

The present study thus supports the 
suggestions of Muenzinger and Baxter 
on the dual function of the shock stim- 
ulus, The interaction in the learning 
data, however, leads to a further conclu- 
sion: namely, that shock-right is the 
superior condition for learning after the 
initial avoidance are over: 
come, and it is perceived as a signal for 
approach behavior, This occurs sooner 
in the case of the low-shock Se than in 
the case of the high-shook Sx, 


SUMMARY 


associated with pen o It 
therefore, that the di effects of shock 
on these two conditions cannot be accounted 
for in terms of an inherent difference in 
arousal level between the two conditions, 
Rather, it is suggested that the differential 
effects be interpreted in terms of Mucasinger 
and Baxter's suggestion that shock and 
shock-wrong are accompanied by 

in the perceptual role of shock. 
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RESPONSE LATENCY AS A FUNCTION OF SIZE OF 
GAP IN THE ELEVATED RUNWAY 


DAVID BIRCH, L. THOMAS CLIFFORD,! anp JULIE BUTTERFIELD * 


University of Michigan 


Motivated rats required to loco- 
mote from an approach platform to 
a goal platform to obtain a goal object 
may be expected to vary in their 
response latency as a function of the 
extent of the gap separating the two 
platforms. The present study in- 
cludes two experiments designed to 
yield information relevant to the 
theoretical interpretation of the effect 
of the size of gap on response latency. 
In Exp. I, three experimental manipu- 
lations, time of water deprivation 
(Tp), size of gap (G), and amount of 
training (N) are imposed and the 
pattern of interactions arising from 
the effects of these three manipula- 
tions, E(Tp), E(G), and E(N), is 
under investigation. In Exp. H, an 
implication of the hypothesis that the 
gap elicits responses incompatible 
with the approach to the goal platform 
is tested. 

EXPERIMENT I 


Each S, under either 20 or 4 hr. 
water deprivation, crossed both a 
large and small gap to water an equal 
number of times each day, and this 
combination was repeated on each 
of 18 successive days with response 
latency (L) as the measure. This 
procedure results in a three dimen- 
sional factorial design of Lindquist’s 
Type VI (Lindquist, 1953). 


Method 


Subjects—The Ss were 30 female pig- 
mented rats from the University of Michigan 


1 The second author participated in Exp. I 
while holding an NSF Cooperative Fellowship. 

2Experiment II is taken from a senior 
honors thesis prepared by the third author 
under the direction of the first author. 


Psychology Department colony, approxi- 
mately 260 days old at the beginning of the 
experiment. 

_Apparatus——A two platform, all black, 
elevated runway previously described (Birch, 
Ison, & Sperling, 1960) was employed. The 
two platforms are approximately 3 ft. above 
floor level and enclosed in separate homo- 
geneous black chambers, independently il- 
luminated. A 10-w. bulb mounted on the 
wall of the approach chamber 34 ft. above 
the terminal end of the approach platform 
provides dim light for this chamber and 
prevents stray light from entering the goal 
chamber. In crossing the approach platform 
(12 in. long and 3 in. wide), S breaks a photo- 
electric beam which turns on overhead 
illumination of 5.29 ft-L in the goal chamber. 
The beam is located 1 in, from the end of the 
approach platform so that the goal platform 
with its accompanying gap is not visible to 
S until S is in close proximity to it. A 
manually operated guillotine door prevented 
retracing. The latency of response was meas- 
ured by a Standard Electric clock from the 
onset of the goal chamber illumination until 
S removed its weight from the approach 
platform. 

The gap manipulation was imposed by 
placing a goal platform, 18 in. long and 34 in. 
wide, 1 in. from the approach platform for the 
small gap condition and by placing a platform, 
15 in. long and 3} in. wide, 4 in. from the 
approach platform for the large gap condition. 
Thus, for both the small and large gap the 
terminal end of the goal platform was 19 in. 
from the approach platform. In addition, 
the goal platform was 1} in. below the height 
of the approach platform in both gap condi- 
tions. A } tsp. aluminum measuring spoon, 
attached to the end of the goal platform and 
out of the sight of S from the approach 
platform, served as the goal cup. 

Procedure-—All Ss received extensive 
handling and pretraining under food depriva- 
tion with food reward prior to the experiment. 
An elevated runway routinely used for pre- 
training in the laboratory was employed. 
The Ss were then placed on a 224 hr. water 
deprivation schedule with ad libitum drinking 
for 1} hr. for six days and trained on the last 
four days to drink from the goal cup attached 
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to a grey platform located in the goal chamber 
of the apparatus. Four Ss were discarded 
for failure to drink within 5 min. on any one 
of four test trials given on Day 4. 

During the experiment S received six 
trials a day with the two sequences of small 
and large gap conditions, SLLSLS and 
LSSLSL, alternated from day to day. Every 
trial terminated with S drinking 3 drops of 
water, and the intertrial interval was ap- 
proximately 20 min. Training continued for 
18 days. One group of 13 randomly selected 
Ss was trained under 20 hr. deprivation and 
a second group under 4 hr. deprivation. 
Food was available at all times in the living 
cages. 


Results 


Acquisition data for the four com- 
bined conditions of Tp and G over 
the 18 days of training are shown in 
Fig. 1 and 2. Because of noticeably 
slower latencies on the initial trials 
of each day, only the last four trials 
of a day are considered. Two latency 
transformations, reciprocal latency, 
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Fic 1. Mean response speed as a function of the size of gap and the 
degree of water deprivation. 
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or response speed (RS), and | 
latency (LL), were employed. Figure 
1 presents the mean RS for the two 
trials appropriate to each condition 
on each day while Fig. 2 presents the 
corresponding mean LL data. 

The two figures show effects at- 
tributable to training, deprivation, 
and gap for both transformations. In 
addition, for RS the gap difference is 
close to but slightly smaller for 200 
hr. thirst than for 4 hr., and for LL 
the gap difference is considerably” 
smaller for 20 hr. than for 4 hr. The 
18 days of training were grouped into 
three periods of six days for purposes 
of statistical analysis. 

Table 1 summarizes the analyses 
of variance for RS and LL. Both 
transformations show all three main 
effects to be highly significant, Of 
major interest, however, is the GXTp 
interaction. This interaction is non- 
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Fic. 2. Mean log latency as a function of the size of gap and the 
degree of water deprivation. 


significant for RS (P > .20, F = 1.68, is nonsignificant for LL (P > .10, 
df = 1/24) but highly significant for F = 1.78, df = 2/48) but highly sig- 
LL (P < .001, F = 15.08, df = 1/24). nificant for RS (P < .001, F = 9.02, 
In addition, the Tp X N interaction df = 2/48), and the GXN and 


TABLE 1 
ANALYSES OF VARIANCE OF RESPONSE SPEEDS AND LOG LATENCIES 


Response Speed Log Latency 
Source df 
MS F MS F 
Between Ss 25 
Deprivation (Tp) 1 2972.0 10,10** 7.6711 15.94*** 
Error (b) 24 294.1 A813 
Within Ss 130 
Gap (G) 1 342.0 92.68°** 1.9071 74,30*** 
Training (N) 2 454.4 20.19%% 1.1639 19.22104 
GXN 2 0.4 <i 0043 <1 
G X Tp 1 6.2 1.68 3870 15.08*** 
Tp XN 2 203.1 9.02*** 1078 1.78 
GX TpXN 2 3.2 2.33 0223 1.86 
Error (w) 120 
1 24 3:1 .0257 
E: 48 22.5 -0606 
E; 48 1.4 .0120 
** pP = 01 
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TABLE 2 
SUMMARY OF PREDICTIONS FROM THE THREE HYPOTHESES FOR RESPONSE SPEED 
AND LOG LATENCY 
Response Speed Log Latency 
Source ~ __ = 
Hyp. 1 Hyp. 2 Hyp. 3 Hyp. 1 Hyp. 2 | Hyp. 3 

GXN a A If(N) Df£(N) Df(N) ars 
G X Tp If (Tp)* = ani — Df (Tp) Dí (To) 
To X N Ii (N) If(N) If(N) — Df(N) — 
GXTpXN 


DEN) | = 


a —indicates no interaction. 


b Effect of first factor is indicated as an increasing, I, or decreasing, D, function of increases in the second factor. 


G XN X Tp interactions are non- 
significant for both RS and LL. 


Three hypotheses in the form of dif- 
ferent mathematical combinations of 
E(Tp), E(G), and E(N) are proposed for 
evaluation in terms of the results of 
Exp. I. Stated both in RS and LL 
form these hypotheses are as follows: 


Hypothesis 1 is: 


RS = E(Tp)IE(N ) — E(G)] 
and 


LL = — logE(Tp) — log{E(N) — E(G)] 
Hypothesis 2 is: 


RS = E(Tp)E(N) — E(G) 
and 


LL = — log [E(Tp)E(N) — E(G)] 
and Hypothesis 3 is: 


RS = E(N)[E(Tp) — E(G)] 


and 


LL = — log E(N) 

— log [E(Tp) — E(G)] 
A reciprocal relation between response 
latency and the effects of experimental 
manipulations, implied by all three 
hypotheses, has a precedent in the as- 
sumptions of Hull (1943) and the deriva- 
tions of Estes (1950) and Spence (1954), 
at least for E(N). 

Assuming E(Tp), E(G), and E(N) to 
be some unspecified monotonically in- 
creasing functions of Tp, G, and N, 
respectively, all three hypotheses predict 


greater RS and lesser LL for greater 
values of Tp and N and for lesser values 
of G. The results of Exp. I clearly, 
support these predictions. í 

Table 2 contains a summary of the 
predictions concerning the interactions 
among Tp, G, and N derived from the 
three hypotheses for RS and LL. Con- 
sider the G X Tp and G X N predictions 
for RS. Let E(Gi) < E(G:) and let 
RS; and RS, be associated with G, and 
Gs. Then, for Hyp. 1, (RS: — RS:) 
= E(Tp)[E(G2) — E(G:)]; for Hyp. 2, 
(RS, — RS) = [E(G:) — E(Gi)]; and 
for Hyp. 3, (RS: — RS») = E(N)[E(G2) 
— E(G,)]. Thus, for RS Hyp. 1 pre- 
dicts a G X Tp interaction while Hyp. 2 
and 3 predict no such interaction. In 
addition, Hyp. 1 and 2 predict no G xN 
interaction while Hyp. 3 predicts such an 
interaction. The directions of the inter- 
action effects are that greater Tp leads 
to a larger gap difference effect under 
Hyp. 1 and that greater N gives a larger 
gap difference effect under Hyp. as 

Now consider (LL: — LL) for the 
three hypotheses. Hypothesis 1 yields: 


E(N) — AE 
E(N) — E (Go) 


(LL: — LL,) = log [ 
Hyp. 2 results in: 
(LL: — LL) 


= be | ETEN) = ae) 
= 08 | E(Tp)E(N) — E(G:) 


and Hyp. 3 yields: 
CHS ry Hts [ 


Eo) ae 
E(Tp) — E(G2) 
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Thus, for LL Hyp. 1 predicts no G X Tp 
interaction while Hyp. 2 and 3 predict 
an interaction, and Hyp 1 and 2 predict 
a GXN interaction while Hyp. 3 
predicts no interaction. The directions 
of the interaction effects are that greater 
Tp leads to a smaller gap difference 
effect under Hyp. 2 and 3and that greater 
N yields a smaller gap difference effect 
under Hyp. 1 and 2. Similar derivations 
can be carried out for the three hypoth- 
eses under the two latency transforma- 
tions with respect to the predicted 
Tp X N and G X Tp X N interactions. 

The results for the G X Tp interaction 
clearly favor Hyp. 2 and 3 over Hyp 1. 
Not only is the G X Tp interaction non- 
significant for RS but the direction of the 
difference in the obtained gap effect for 
20 and 4 hr. thirst is opposite to that 
predicted by Hyp. 1. Hypotheses 2 and 
3 predict the nonsignificant G X Tp 
interaction for RS, the significant GX Tp 
interaction for LL, and the smaller LL 
gap differences for 20 hr. thirst than for 
4 hr. 

A decision between Hyp. 2 and Hyp. 3 
is more difficult. The overall pattern 
of results in comparison with the predic- 
tions appears to favor Hyp. 3. Most 
damaging to Hyp. 2 is the failure to 
obtain significance for the G X N and 
the Tp X N interactions with LL as 
predicted. The obtained G X N effect 
does agree in direction with Hyp. 2, 
but the obtained Tp X N effect does 
not. The predictions from Hyp. 3 
disagree with the data only in the 
GX N interaction for RS where the 
direction of differences is correct but 
nonsignificant. 

The results of Exp. 1 strongly suggest 
that the effect of a gap on response 
“speed is independent of the degree of 
thirst, at least for the conditions em- 
ployed in the experiment. Whether the 
gap effect changes with training, as 
implied by Hyp. 3, or is independent of 
training, as implied by Hyp. 2, is less 
clearly answered by the experiment. 
Exp. II was designed to obtain replica- 
tion data on this point and also to inquire 
about possible stimulus properties of 
the gap. 
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EXPERIMENT IT 


The major hypothesis under exami- 
nation in this experiment is that the 
gap elicits responses which result in a 
reduced tendency to approach the goal 
platform. A straight, elevated run- 
way with either a large gap or a small 
gap imposed between the approach 
and goal platforms on each trial was 
used. 

According to the hypothesis, a large 
gap stimulus should result in re- 
sponses with stronger decremental 
effects than a small gap stimulus and 
these responses should tend to be- 
come conditioned to the stimuli of the 
goal platform. By making the ap- 
proach platform and the goal plat- 
form alike in one brightness (e.g., 
black) for the large gap and alike in 
another brightness (e.g., white) for 
the small gap, an opportunity is 
provided for the two brightness stim- 
uli to become conditioned differen- 
tially to the two sets of interfering 
responses and to elicit these responses 
differentially on the approach plat- 
form. Thus, a result consistent with 
the hypothesis would be that, as 
training continues, the response time 
on the approach platform prior to the 
small gap drops below the correspond- 
ing time prior to the large gap, even 
though the gap stimuli themselves 
are not visible in this section of the 
runway. 

The experiment also includes repli- 
cation data relevant to a decision 
between the adequacy of Hyp. 2 and 
Hyp. 3 as presented in Exp. Js 


Method 


Subjects. —The Ss were 16 experimentally 
naive female pigmented rats from the same 
colony as those in Exp I, approximately 
120 days old at the beginning of the experi- 
ment. Two Ss were discarded for failure to 
run on the second day of training. 

Apparatus:—An elevated runway similar 
to that of Exp. I was used. Three platforms, 


é 


RECIPROCAL LATENCY (10/SEC) 


-NUR AHA ® 


start, approach, and goal, were housed in 
separate chambers to permit control of the 
presentation of the platform stimuli to S. 
‘The dimensions of the start, approach, and 
goal platforms were 3 in, wide by 12 in, 24in., 
and 18 in. long, respectively, 

The arrangement of photoelectric beams 
and microswitches under the platforms pro- 
vided measures of the time taken by S to 
traverse the approach platform and to 
cross from the approach to the goal platform, 


TABLE 3 


ANALYSIs OF VARIANCE of RESPONSE SPEEDS 
ON APPROACH PLATFORM 


Source df MS rF 
Between Ss 13 
Erra ay i 5, i 3.14 
rror 23.8 
Within Ss 154 
Gap (G) 1 | 43.4 | 22.77*** 
‘Training (N) 5| 11.8 | 1.86 
GXN 5 3.9 4.36** 
GX Gr 1 5.0 | 2.60 
Gr X N 5 2.2 <1 
GXGr XN 5 0.4 <i 
Error (w) 132 
1 12 1.9 
E: 60 6.3 
Es 60 0.9 
P= 01, 
SEER. 
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O----O SMALL GAP 


@—® LARGE GAP 


ARITA 5G) 7189" Or 
_ DAYS 
Fic. 3, Mean response speed on approach runway for large and small gap conditions. 
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Raising a guillotine door permitted .§ to leav 
the start platform and also activated thre 
Standard Electric clocks, The first clock 
stopped when 5S placed its weight on the ap- 
proach platform, the second clock‘ stopped 
when S broke a photoelectric beam 1 in. from 
the end of the approach platform, and the 
third clock stopped when S placed its weight” 
on the goal platform, Breaking the photo- 
electric beam also illuminated the goal 
chamber. The approach platform latency 
was given by the difference in readings from 
the first and second clocks, and the gap cross- 
ing latency by the difference from the second 
and third clocks. 

The S stepped down 1 in, from the start 
to the approach platform and another 1 in. 
from the approach to the goal platform. 
Under the small gap condition the goal plat- 
form was adjacent to the approach platform 
while the two platforms were separated’ by 
3 in, for the large gap condition. Two sets, 
black and white, of start, approach, and goal 
platforms were used. 3 

Procedure-—The Ss were placed on a 22 hr. 
food deprivation schedule and allowed to 
eat for 1 hr. for 22 days prior to the experi- — 
ment. Preliminary training consisted of 2 
days handling, followed by 14’days running 
on the pretraining elevated runway wi! 
food available and 6 days of placing and 
eating on the goal platforms of the apparatus 

During the experiment Ss received Six 
trials a day with four sequences of small and 
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large gap conditions, SLSSLL, SSLLSL, 
LLSSLS, and LSLLSS, repeated over the 
24 days of training. For Group A (N = 8) 
all three platforms were black under the large 
gap condition and white under the small gap 
condition. Group B (N = 6) received the 
opposite pairing of the platform brightnesses 
with the gap conditions. Each trial termi- 
nated with S eating two small pellets of 
laboratory food (.1 gm.) from a recessed food 
cup at the end of the goal platform. The 
intertrial interval was approximately 8 min. 


Results 


Figure 3 shows the mean response 
speed (reciprocal latency X 10) on 
the approach runway for Groups A 
and B combined under the small and 
large gap conditions over the 24 days 
of training. The middle four trials 
of each day were used to compute 
all mean values. These data indicate 
that response speed is not different 
for the two gap conditions at the 
beginning of training but becomes 
relatively faster under the small gap 
condition than under the large gap 
condition as training continues. Thus, 
over the period of training the differ- 
ential pairing of the black and white 
platforms with the two gaps produces 
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TABLE 4 


MEAN RESPONSE SPEED AND MEAN LoG 
LATENCY OF GAP CROSSING FOR 
Groups, Gap CONDITIONS, 

AND TRAINING 


Training 
Group | Gap 
I II HI | Iv V VI 
Response Speed (Reciprocal Latency X 10) 

A Small |5.1 | 10.6 | 15.2 | 16.5 |13.4 |12.5 

i Large |16 | 44] 53| 52| 4.0] 48 
SR Small |8.2 |22.2 |18.7 | 20.1 | 13.2 | 16.5 
Large | 4,2 | 12.9 | 13.2 | 12.4 9.9 | 11,2 

Log (Latency X 10) 

A Small | 1,72) 1.32) 1.41] 1.20) 1,38] 1,25 
Large | 2.11] 1.68] 1.55] 1.66) 1.78] 1.68 

B Small | 1.42) .84) .98| 1.03) 1,07) 97 
Large | 1.73) 1.07) 1.20) 1.26) 1,33] 1,30 


different response speeds on the ap- 
proach platform prior to the actual 
presentation of the gap condition. 

A summary of the analysis of 
variance on these data is presented in 
Table 3. Of particular interest are 
the significant values obtained for 
the Gap main effect (P < .001) and 


TABLE 5 


ANALYSES OF VARIANCE OF RESPONSE SPEEDS AND LOG LATENCIES 
or GAP CROSSING 


Response Speed Log Latency 
Source df 
MS P MS F 
Between Ss 13 
Groups (Gr) 1 1184.4 4.58 5.1244 642° 
Error (b) 12 258.4 -7988 
ithin Si 154 
ree © 1 2100.2 48.12%. 5.1345 188.77*** 
Training (N) 5 273.1 4,72** 1.0941 6.4799 
GXN 5 27.6 1.64 0043 <1 
G X Gr 1 46.1 1.06 +2242 8.24* 
N X Gr 5 47.5 <1 0784 <1 
GXNXGr 5 19.9 1.18 0057 <1 
Error (w) 132 
al i 12 43.6 .0272 
Es 60 57.9 -1690 
E: 60 16.8 (0183 
+P =.05, 
** P = 01. 


` 
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GXN interaction (P < .01), both 
findings being consistent with the 
hypothesis of Exp. IT. 

Mean response speed and mean log 
latency over blocks of 4 days for 
gap crossing for Groups A and B are 
given in Table 4. Table 5 presents 
the summary of the analyses of vari- 
ance on these data. The main effect 
for gap is highly significant both for 
RS (P < .001), and for LL (P <.001), 
but the G X N interaction fails to 
reach significance under either latency 
transformation, Examination of Ta- 
ble 4, however, shows a trend for 
greater gap effect differences in RS 
with increased training similar to that 
found in Exp. I. 


Discussion 


The replication data of Exp. II on the 
GXWN interaction are inconclusive. 
The finding of both experiments is that 
no significant G X N effect was obtained 
for RS or LL, but in each there is the 
suggestion that the gap differences may 
increase with training for RS, as pre- 
dicted by Hyp. 3. In view of the small 
F values obtained for the G X N inter- 
action in the two experiments, support- 
ing the lack of appearance of any strong 
effect in Fig. 1, it would appear more 
desirable to collect additional data 
oriented specifically to this problem 
rather than exploit the present data with 
further analyses. 

A final caution in the interpretation 
of the three hypotheses is warranted. A 
more complete mathematical statement 
of the latency of response should include 
the time required to carry out the re- 
sponse, given that it is elicited (Spence, 
1954). The present three hypotheses 
are not intended to include this latency 
component and are adequately tested in 
the present experiments only under the 
assumption that its effect is negligible. 
This assumption is more clearly justified 
in Exp. I where the gap crossing latency 
was measured from the onset of the goal 
chamber illumination to Ss leaving the 
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approach platform rather than to Ss 
reaching the goal platform as in Exp. Il. 


SUMMARY 


Two experiments obtained data relevant 
to the theoretical interpretation of the effect 
of size of gap on the response latency of rats 
in a straight elevated runwa In Exp. I, 
time of water deprivation (Tp), size of gap 
(G), and amount of training (N) were come 
bined factorially, and the form of the mathe- 
matical expression relating the effects of these 
manipulations, E(Tp), E(G), and E(N), to 
response speed (RS), the reciprocal of the 
response latency, was examined, Three 
mathematical combinations of E(Tp), E(G), 
and E(N) were proposed and tested by using 
both a reciprocal and a logarithmic trans- 
formation on the latencies. Hypothesis 1, 
RS=E(Tp)[E(N) —E(G)], was found inade- 
quate and the total pattern of results seemed 
to favor Hyp. 3, RS E(N)CE(Tp) —E(G)J, 
over Hyp. 2, RS = E(Tp)E(N) — E(G). 

In Exp. II it was hypothesized that the 
gap elicits responses that produce a decre- 
mental effect on the tendency to approat 
the goal platform. Under this hypothe 
was expected that two degrees of inter! ji 
responses arising from the large and small 
gaps could be conditioned differentially to t 
sets of stimuli and that these two degrees 
interference could be exhibited in the absence” 
of the gap stimuli themselves. The results 
supported the hypothesis in that, as training: 
continued, the response time on the approach 
platform prior to the small gap fell below 
the corresponding time prior to the large gap; 
even though the gap stimuli themselves were 
not visible in this section of the runway. 
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In the last decade increasing atten- 
tion has been given to the screening 
action or selectivity which the central 
nervous system exerts over the intake 
of environmental events (Lindsley, 
1956; Livingston, 1959). These inves- 
tigations have concerned two mech- 
anisms of screening: (a) by control 
of the sensitivity of receptors, and (b) 
by a selective action in the more 
central processing of the arriving 
signals either at the sensory nuclei 
or at higher relay stations such as the 
thalamus (King, Naquet, & Magoun, 
1957). Central control over the 
threshold of peripheral receptors or 
primary synapses by tonic bombard- 
ment along efferent fibers has been 
demonstrated in the case of muscle 
spindles by Granit and Kaada (1952) 
and by Hagbarth and Kerr (1954), 
in the case of the vestibular system 
by Gernandt and Thulin (1955), the 
retina by Granit (1955), olfactory 
receptors by Kerr and Hagbarth 
(1955) and by Tucker and Beidler 
(1956), and tactile receptors by Loe- 
wenstein (1956b). Another mecha- 
nism for control of peripheral recep- 
tion is exemplified in the contraction 
of the muscles of the middle ear, 
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with an ensuing reduction of auditory 
sensitivity either in response to loud 
sounds (Galambos & Allen, 1958) 
or following reticular stimulation 
(Hugelin, Dumont, & Paillas, 1960). 

A related group of studies deals 
with the screening mechanism on an 
integrated behavioral basis. Demon- 
stration of selectivity as a consequence 
of focus of attention is described in 
the oft-cited experiment of Hernan- 
dez-Peon and his co-workers (1956), 
recently challenged in part by Hugelin 
et al. (1960), who showed that atten- 
tion by an unanaesthetized cat to 
mice, fish odors, and electric shocks 
reduced the cochlear nucleus poten- 
tials evoked by clicks. Additional 
evidence for the role of attention in 
modifying sensory intake is seen in 
the work of Callaway (Callaway & 
Dembo, 1958) and supported in an 
investigation by Lacey (1959), These 
authors indicate that central activity 
will tend to regulate the degree to 
which the organism is receptive to 
specific aspects of the environment 
peripheral to central attention in 
terms of space, time, or meaning 
(Callaway & Dembo, 1958), or to its 
environment as a whole (Lacey, 
1959). Also in the area of focus of 
attention is the effect of warning on 
visual and auditory threshold, the 
minimum threshold occurring some: 
short interval after a warning signal 
(Howarth & Treisman, 1958). 

It was with regard to the possible 
control of the sensitivity of receptors 
that the original investigation of 
tactile sensitivity was undertaken at 
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Fic. 1. Recording of tactile threshold and 
GSR. (Upper trace: continuous line indicates 
intensity of vibration; vertical lines indicate 
when S perceived stimulus. Stimulus trace: 
vertical lines indicate 1-sec. stimulus delivered 
to S. Time line, t, 10 sec. Calibration line 
at end of threshold trace indicates a change 
of 2 db.) 


this laboratory. Darrow (1933) had 
suggested that the galvanic skin re- 
sponse (GSR) is a means by which 
the organism facilitates grasping by 
the secretion of sweat which moistens 
the skin and thereby mechanically 
increases the tactile sensitivity. It 
was thought by the present author 
that if tactile sensitivity were in 
fact related to GSR activity, the 
mechanism might be a direct sen- 
sitizing of peripheral receptors by 
sympathetic efferents rather than a 
mechanical consequence of sweating. 
Preliminary experiments (Edelberg 
& Burch, 1958) indicated first, that 
there was clearly a relationship be- 
tween GSR and tactile sensitivity, 
the threshold usually falling as GSR 
activity increased, and secondly, con- 
trary to Darrow, that moisture played 
no part in this phenomenon since the 
results were as easily demonstrated 
when the skin was under water as 
when it was dry. These first experi- 
ments had been carried out under 
conditions in which large GSRs were 
elicited after a baseline of low auto- 
nomic activity had been reached. 
When conditions were altered to 
allow greater baseline activation of 
the subject, the correlation, though 
manifest, became considerably less 
impressive, and doubt was cast upon 
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the initial interpretation that the ~ 


GSR might be a by-product of the 
arrival of nerve impulses serving to 
sensitize tactile receptors. Rather, 
the GSR may simply have been 
reflecting changes in central arousal 
which in turn influence tactile sensi- 
tivity. Further experiments have 
been conducted to help resolve this 
question and to extend the observa- 
tions to cover concomitant vasomo- 
tive activity; the results are reported — 
in this paper. 


METHOD 


Apparatus 


Electrode application, masking of a fixed 
area, use of a constant current source, and 
GSR recording equipment were similar to 
those reported elsewhere (Edelberg, Greiner, 
& Burch, 1960) except that K-Y surgical 
jelly was used as the contact medium. The 
plethysmograph consisted of a water-filled 
chamber maintained at 30°C. coupled to a 
yolume-sensitive electrical transducer having 
a full-scale sensitivity of 40 mm*.> 

Weitz (1939) and Geldard (1940) have 
presented evidence to show that the responses 
to vibration and gentle pressure are mediated 
by the same sensory system. Consequently, 
for reasons of convenience, 1-sec. transientless 
pulses of 250-cps vibration were presented 
as tactile stimuli. These were produced by @ 
phonograph cutting head fitted with a blunt 
probe and resting on the palmar skin of the 
distal segment of the index finger with a con- 
stant force of 1 gm., this being achieved by å 
counterbalanced lever and pivot arrangement. 
The end of the probe was spherical and was 
2.6 mm. in diameter. The variable ac voltage 
from the oscillator was monitored, rectified, 
and recorded. The stimulus level was thus 
written out as a continuous curve (Fig. 1); 
but only at the instants marked by the signal 
on the lower trace was an automatically ` 
timed pulse delivered to the cutting head. 
All switching operations were noiseless. The 
calibration was accomplished with a General 
Radio Type 1551-A sound level meter fitted 
with a General Radio vibration pickup; 
Type 759-P35. Vibration intensity coul 
be varied from 25 to 40 db. (re .0002 micro- 
bar), the zero current background vibration 
being 25 db. In most cases the threshol 
was around 30 db., varying between 26 ani 
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36 db. A range switch allowed selection of 
several intensity ranges, each of which started 
at 25 db. (RMS amplitude = .45 p), i.e., 
with zero current to the cutting head. 


Subjects and Procedure 


The Ss were 28 paid volunteers of both 
sexes with age range from 18 to 36 yr., all 
naive except 2 (identified in Table 1), The 
S was told that the experiment was for the 
purpose of measuring touch sensitivity, and 
that the electrodes and plethysmographic 
chamber were for studying other measures 
at the same time. Gain was adjusted so that 
the GSR in response to a rapid maximal deep 
breath approximated full scale deflection, 
Tactile stimuli without cue were presented at 
approximately 2-sec. intervals. If S per- 
ceived the vibration, he depressed the foot 
switch which recorded a vertical line on the 
stimulus trace and which also signaled E who 
sent the next pulse at a lower intensity. If 
the stimulus was not perceived, E increased 
the intensity before delivering the next pulse. 
After a training and equilibration period 
which usually took about 20 min., the actual 
tactile testing would procede uninterruptedly 
for a minimum of 5 min. or until a 5-min, 
sequence at the same stimulus range setting 
could be obtained. A 250-cps masking tone 
from a loud-speaker insured that S could not 
hear any vibration from the cutting head 
probe. At random intervals, S was startled 
by a noise or was asked to sniff sharply or to 
take a deep breath. Not more than 3 auto- 
nomic responses were thus deliberately elicited 
during the 5-min. period. Autonomic ac- 
tivity was otherwise spontaneous, no special 
effort being made to wait for fullest relaxation 
and minimum GSR activity as in the earlier 
series. The external stimulus, however, was 
maintained at a low level with regard to 
noises and movements. 


Treatment of the Data 


GSR amplitudes were measured in terms 
of resistance change from onset to peak of the 
wave, waves less than yo full scale (see pro- 
cedure) being disregarded. Two measures of 
vasomotor activity were used: pulse volume 
(volume change from trough to peak of a 
pulse wave) and relative volume (absolute 
volume minus an unmeasured constant). 
Averages were obtained for 15-sec. periods 
by a graphical method of interpolation. 

Tactile thresholds were determined sepa- 
rately for appropriate portions of a 15-sec. 
period and the results averaged on a time- 
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prorated basis. Pen deflections were pro- 
portional to decibels and were used in sta- 
tistical analyses without conversion. The 
threshold for any interval of 15 sec. was 
determined as follows: If a perceived stimulus 
was both preceded and followed by an un- 
perceived stimulus at a slightly lower level, 
the level of the perceived stimulus was taken 
as the threshold. If a perceived stimulus 
was preceded by an unperceived stimulus, 
but followed by two or more perceived stimuli 
of decreasing intensity (e.g., first major fall 
in threshold, Fig. 1) it was assumed that the 
method of search may not have allowed for 
determination of the new threshold in as short 
a time as it was actually lowered. Tests in 
which Æ decreased intensity in large steps 
showed this assumption to be valid. Con- 
sequently, the lowest perceived stimulus in 
this train within the 15-sec. period was taken 
as the level back to the first perceived stim- 
ulus. On a similar experimental basis, if a 
perceived stimulus was followed by an un- 
perceived stimulus, and this unperceived 
stimulus followed by a train of unperceived 
stimuli of increasing intensity, it was assumed 
that the threshold for this period of no re- 
sponse was the level of the first perceived 
stimulus following this train. If this 15-sec. 
period ended prior to the perception of a stim- 
ulus, the highest stimulus of the train within 
the period was taken as threshold back to the 
first unperceived stimulus of the train. 

Although all data were written out on the 
same record, the analysis of each variable 
was accomplished by separate Os with the 
remaining variables covered up during 
analysis. 

Statistical treatment.—A graph of threshold 
as a function of relative volume or pulse 
volume indicated the linearity and distribu- 
tion of the data to warrant application of a 
product-moment analysis for correlations. 
Such did not hold for GSR, and in this in- 
stance a chi square test was used for deter- 
mining concordance between falls in tactile 
threshold and incidence of GSRs. When 
spontaneous GSR activity was low, an 
elicited GSR was almost always followed by a 
significant fall in tactile threshold. The 
association of these events, each appearing 
conspicuously against a stable background, 
was clearly apparent, but the lag varied from 
1 to 10 sec. As discussed elsewhere, distrac- 
tion of S by the arousing stimulus could 
easily cause a lag of this order before the 
lowered threshold became manifest. Conse- 
quently, if a GSR was followed within 10 sec. 
after onset by a fall in tactile threshold, the 
case was counted as a simultaneous occur- 
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rence. If the tactile fall preceded the GSR, 
the events were not considered simultaneous 
since inspection of the temporally isolated 
cases showed the GSR to precede the tactile 
change. The time not taken up by GSRs 
and/or fall in tactile threshold was divided 
into 10-sec. intervals to complete the 2 X 2 
table. A similar technique was used for 
determining the chi square relationship 
between decrease in pulse volume and fall in 
threshold. 


RESULTS 


GSR.—The correlation of tactile 
sensitivity with GSR depended in 
part upon state of alertness. An S 
who showed a GSR record which was, 
in fact, a continuous series of waves, 
showed little relationship between 
larger responses and tactile sensitivity. 
On the other hand, in Ss in a relaxed 
state with little activity, a sudden 
onset of GSR activity was ordinarily 
associated with a significant fall (as 
much as 4 db.) in threshold to tactile 
stimulation. Note that the first 
large GSR of Fig. 1 is associated with 
a conspicuous fall in threshold while 
the group of GSRs above the central 
arrow is associated more with a 
constant low threshold than with rises 
and falls. 

On the whole, the 24 Ss of this 
series showed a low correlation as 
compared with the 8 of the previous 
study who were tested under condi- 
tions designed for evoking large GSRs 
against a background of low level 
GSR activity. A chi square analysis 
of the pooled data for the entire 
earlier group showed an association 
($ = .71; P < .01) between GSR and 
fall in threshold. In the present 
series, the pooled data on 24 Ss showed 
only a .43 (phi) association (V=703; 
P<.01). For the 12 Ss who had 
both plethysmograms and GSRs re- 
corded, the GSR-tactile association 
was .41 (N = 346; P < .01). When 
the data for the 24 Ss were analyzed 
with the exclusion of all periods of 
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30 sec. or longer showing a GSR 


frequency greater than 4 per min., ¢ 
rose to .52 (N = 442; P < .01). 

One factor tending to obscure 
the tactile-autonomic relationship was 
variation in attention. The inter- 
vention of this factor was demon- 
strated by a simple experiment. A 
series of stimuli was given at a con- 
stant level of intensity, slightly supra- 
threshold, until S ceased responding 
for approximately five signals. At 
this point one stimulus was delivered 
at a somewhat higher level (e.g., 
by 1 db.) and the next stimulus given 
at a level slightly lower than the pre- 
vious series. Invariably this maneu- 
ver resulted in a recovery of S's 
response even though no signs of 
arousal either in the plethysmogram 
or in skin resistance were noted. The 
Ss reported that their attention 
wandered but that feeling a vibration 
would frequently bring them back to 
their task. The return of attention 
to the tactile task after temporary 
diversion is in fact considered a 
probable source of many of the falls 
in threshold which occurred with- 
out accompanying autonomic activ- 
ity. On the other hand, autonomic 
activity was frequently not accom- 
panied by a fall in threshold, a 
situation to be expected if S’s atten- 
tion had drifted from the task at this 
time. The attention factor also 
worked against a correlation in many 
cases when S was startled in an effort 
to induce autonomic activity. In 
some Ss this startle, although asso- 
ciated with a high autonomic response, 
was followed consistently by a rise 
in threshold and a little later on by a 
drop to lower than the previous level. 

Vascular responses.—Finger ple- 
theysmograms were obtained from 12 
of the above Ss simultaneously with 
the GSR and tactile threshold deter- 
mination (Table 1 and Fig. 2). 
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recording of an exceptionally good 
relationship is seen in Fig. 3. This 
record illustrates a case in which a 
threshold change is associated with 
vasomotive activity but not GSR 
(see section of record above arrow); 
in other sections of the same record 
both GSRs and vasoconstriction occur 
in the same time period and are 
associated with a fall in threshold. 
The product-moment correlation 
between pulse volume and tactile 
threshold was greater than .56 


TABLE 1 


Propuct-MoMENnt CORRELATIONS BETWEEN 
THRESHOLD AND PLETHYSMOGRAM 
Dara For Eacu or 12 Ss 


Threshold Threshold 
vs. vs. 
s N Pulse Volume Volume 
r Ps r Ps 
1* 20 50 | .05 68) .01 
2 20 44] 05 -46 | .05 
3 20 -60 | .01 .59 | .01 
4 20 :35 —.13 
5* 20 48 05 32 
6 16 -63 01 .32 
7 18 .67 | .01 .22 
8 20 =.35 =.19, 
9 20 .62 | .01 .57 | .01 
10 19 =.21 —.18 
11 18 .56 | .01 72) .01 
12 20 msl =.45 | .05 


a Sophisticated S. 


(P < .01) in 5 out of the 12 cases, and 
an additional 3 Ss show r > .44 
(P S.05). For relative volume and tac- 
tile threshold, 4 of the 12 showed a 
correlation greater than .57 (P < .01). 
The chi square comparison for tactile 
threshold and pulse volume changes 
for the pooled data of all 12 Ss (10- 
sec. samples) showed 6=.51 (P <.01). 

Mechanical effects of vasomotion.— 
Since finger volume changes alter the 
stretch on the skin, a study of the 
mechanical effect of such stretching 
was undertaken. Stretching accom- 
plished by applying masking tape to 
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VOLUME CHANGE 


Fic. 2. Relationship between change in 
tactile threshold and change in finger volume 
for a single S. (Units are arbitrary. Solid 
circles indicate simultaneous GSR occurred.) 


the skin increased the threshold by 
2to4db. Engorgement of the finger 
by inflation of an arm cuff to 60 mm. 
Hg produced a volume change of the 
order of that occurring during natural 
vasomotive activity and coincidently 
elevated threshold by about 1 db. 
Both effects were reproducible and 
readily reversible. 

Anatomical correlations.—The work 
of Loewenstein (1956b) on frog skin 
and on the Pacinian corpuscle of the 
cat (Loewenstein & Altamirano-Or- 
rego, 1956) pointed toa possible mech- 
anism for tactile threshold changes 
involving sensitization of peripheral 
receptors by activity of sympathetic 
efferents. On the assumption that 
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Fic. 3. Recording of GSR, plethysmogram 
and tactile threshold for a single S. (Time 
line, t, 10 sec. Calibration lines at end of 
record: volume change, 10 mm.*; threshold 
change, 1 db, The three large signals on the 
stimulus trace—bottom—indicate S sniffed.) 
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RELATIVE GSR ACTIVITY 


4b. Graph for 6 Ss showing two 
populations of sites. 


Fic. 4. Relation between tactile sensi- 
tivity and relative GSR amplitude for various 
sites scattered over palm. (In Figure 4a, open 
circles from points along lateral divisions of 
median nerve; solid circles from along medial 
division of median nerve. Point in paren- 
theses lay between the two branches and could 
not be definitely assigned to either division.) 


the GSR might be in part a by- 
product of such a process, a topological 
comparison of relative GSR activity 
and tactile sensitivity was made. 
From 8 to 12 sites, each } in. in diam- 
eter and scattered over the palmar 
surface of the hand and wrist, were 
delineated by 1-in. masking tape 
Squares having a }-in. hole punched 
in them. Since the variation of 
GSR activity with arousal (Burch & 
Greiner, 1958) makes sequential com- 
parisons unreliable, the method of 
2-site simultaneous recording was used 
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as described elsewhere (Edelberg etal., 
1960). The relative activity of each 
site was obtained by comparing it 
separately with the simultaneously 
observed reference site and expressing 
the results as ratios. The same 
approach was used for tactile sensi- 
tivity determinations, one site being 
maintained as a fixed tactile reference, 
while a second tactile stimulator 
was used to test the sites to be com- 
pared. Since simultaneous tactile 
testing of both sites could not be 
accomplished, three sets of deter- 
minations on the reference site and 
on the variable site were made alter- 
nately over a relatively short, quiet 
period (approximately 2 min.) and 
the results averaged. After comple- 
tion of the tactile series a drop of 
electrode paste (K-Y jelly) was placed 
on each site in turn, an electgode 
applied, and three GSRs evoked by 
having S sniff or take a deep breath. 
The reference site was prestabilized 
and the exposure time of the experi- 
mental sites to the K-Y jelly held 
constant. 

Results of topological survey.—Plots 
of the relationship between tactile 
sensitivity and relative GSR intensity 
for each site showed the sites falling 
into two populations depending on 
proximity to either the ulnar or 
median nerve and even on proximity 
to either the lateral or medial division 
of the median nerve. The results of 
one such experiment are shown in 
Fig. 4a and the results for all 6 Ss in 
Fig. 4b. The values for each S$, 
independent of site location, have 
been divided by a constant (4 the 
value of S’s highest sensitivity) in 
order to facilitate comparison on a 
single graph. Despite a wide scatter, 
the occurrence of two populations 
of sites, one of high tactile sensitivity, 
the other low, and the relationship 
of the relative GSR activity of an 
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area to its relative tactile sensitivity 
is clearly demonstrated. The demon- 
stration of areas of high and low 
sensitivity associated with different 
nerves is in agreement with the recent 
report of Uttal (1960) on electrical 
stimuli. 


Discussion 


Experimental evidence can be cited 
in support of three possible reasons for 
the short term relationship between 
tactile sensitivity and autonomic ac- 
tivity : (a) peripheral sensitization due to 
a mechanical effect; (b) peripheral sensi- 
tization due to sympathetic impulses; 
(c) central arousal associated concur- 
rently with autonomic activity and 
increased perceptivity. 

Mechanical effect—With respect to 
the first possibility, it has been demon- 
strated here that measures tending to 
increase the stretch on the skin will also 
raise the threshold. This observation 
seems at first glance inconsistent with 
that of Loewenstein (1956a) who showed 
that static stretching of frog skin actu- 
ally causes fast adapting touch recep- 
tors to discharge continuously. How- 
ever, he goes on to say that in some 
stretched preparations there is “a clear 
reduction in the number of discharged 
impulses in response to the (constant 
level) adequate mechanical stimulus as 
compared with that discharged at low 
skin tension” (p. 598), a situation similar 
to the present investigation. The thresh- 
old changes accompanying vasoconstric- 
tion could, then, be the consequence of 
a reduction in the stretch of the skin. 
However, a fall in threshold was fre- 
quently observed without a change in 
volume. In addition, some Ss with little 
vasomotive activity exhibited active 
threshold variations associated with GSR 
activity, Lastly, there was a consider- 
able variability in the phase relation 
between the onset of pulse or volume 
change and the fall in threshold. These 
considerations would indicate that even 
if the mechanical effect is operating, 
there must be an additional independent 
mechanism for lowering threshold. 
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Sympathetic effect—The spatial as 
well as temporal association of high 
GSR activity with high tactile sensitivity 
suggests the possibility that the GSR 
is in part a by-product of the arrival of 
sympathetic impulses whose function is 
to elevate the sensitivity of tactile recep- 
tors located in the epidermis. Arthur 
and Shelley (1959) have shown that free 
nerve endings enter the epidermis and 
have concluded that these have a sensory 
function. Release of a chemical mediator 
around such nerve endings could inci- 
dentally influence the permeability of 
surrounding cells and hence alter elec- 
trical resistance. This would be con- 
sistent with Wilcott’s (1959) conclusions 
that the epidermis as well as the sweat 
gland constitutes an active site in the 
GSR. While several arguments may 
be raised against this hypothesis, in 
particular the variation in phase rela- 
tionship and the numerous instances of 
independent occurrences, it may be 
defended if other mechanisms for altera- 
tion of tactile sensitivity are allotted a 
dominant role. 

Central processes —There remains the 
possibility that there is no peripheral 
component to the sensitization process, 
that autonomic activity and threshold 
change are unrelated except insofar as 
they are reflections of the same central 
arousal process. Silverman, Cohen, and 
Shmavonian (1959) have favored this 
viewpoint in their interpretation of the 
reduction of threshold to electric shock 
associated with GSR activity. Numer- 
ous references to the increase in auto- 
nomic activity associated with central 
arousal might be cited (e.g., Darrow, 
Jost, Solomon, & Mergener, 1942; Jung, 
1954). A type of control at higher 
centers not necessarily involving in- 
creased general arousal would be altera- 
tions in attention, as demonstrated 
neurophysiologically in the experiment 
of Hernandez-Peon (1956), and as evi- 
denced in the present study. On the 
basis of experiments reported here, it 
seems that a central effect must account 
for much of the demonstrated relation- 
ship but that an additional peripheral 
mechanism has not been ruled out. 
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Future experiments will involve the 
testing of Ss with a history of unilateral 
sympathectomy to determine whether 
the sensitizing mechanism hasa peripheral 
component or is entirely central. 

In the present stage of the investiga- 
tion one can safely conclude only this: 
that there is a mechanism by which the 
human, while in a low-level external 
stimulus field, in response to an alerting 
stimulus or to internal activation, can 
reduce his tactile threshold during the 
time of this activation; that this mecha- 
nism is prompt and readily reversible 
upon cessation of the arousal situation; 
that autonomic activity is normally asso- 
ciated with this sensitization in a close 
time relationship. A by-product of the 
investigation is the observation that 
the magnitude of these shifts in tactile 
sensitivity is such that any experiment 
based on the assumption that there is a 
Static tactile threshold in a given area 
is invalid unless the state of arousal of 
the organism is maintained constant 
in some way, or unless changes in 
arousal are taken into account. 


SUMMARY 


The relationship over short periods of 
time between cutaneous tactile threshold and 
autonomic activity, as reflected in galvanic 
skin response (GSR) or in degree of vaso- 
constriction, was determined by a method 
allowing continuous monitoring of S’s thresh- 
old to 250 cps vibration. Increased auto- 
nomic activity occurring either spontaneously 
or as a result of external stimulation is 
generally accompanied by a fall in tactile 
threshold, the highest correlation occurring 
when finger pulse volume is used as the 
autonomic measure. Experiments to deter- 
mine whether the correlation with vascular 
activity is due to the mechanical effect of 
the stretching or relaxing of the skin on tactile 
threshold showed that this is a possible 
explanation but cannot account for all of the 
results. 

A survey of the palmar surface of the hand 
showed a relationship between the relative 
magnitude of the GSR from a given site and 
its tactile sensitivity, and further, that the 
sites comprise separate populations, each 
associated with a different cutaneous nerve. 
It is postulated that the GSR may in part 
be a by-product of the arrival of sympathetic 
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impulses whose function is to sensitize tactile 
receptors. The influence of general arousal 
and of focus of attention on the tactile- 
autonomic relationship has tentatively been 
assigned a dominant position. 
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A CONTRAST EFFECT IN DIFFERENTIAL CONDITIONING? 


GORDON H. BOWER 
Stanford University 


Contrary to the interests of parsi- 
mony in theory construction, an 
increasing number of experiments 
have shown that the reinforcing effect 
of a given amount of reward is not a 
static parameter; rather, the concep- 
tion that emerges from these studies 
is that the reinforcing effect depends 
upon the context in which that reward 
quantity occurs; in particular, it 
depends upon the range of alterna- 
tive rewards S has received in the 
experimental situation. 

The most direct evidence for this 
context effect comes from studies of 
visual discrimination learning. Meyer 
(1951) and Schrier and Harlow (1956), 
working with monkeys, and Lawson 
(1957), working with rats, found that 
rate of error elimination in a series of 
visual discrimination problems was 
not significantly related to the amount 
of reward when S received the same 
amount (large or small) on every 
problem. By comparison, if S re- 
ceived different amounts of reward 
for performing correctly on different 
problems of the learning series, learn- 
ing rate on a given problem varied 
directly with the amount of reward 
for that problem. 

These prior studies investigated 
the context effect in selective learning 
situations in which the performance 
measure (percentage of correct re- 
sponses) presumably reflects the reso- 
lution among several competing reac- 
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tion tendencies. The purpose of the 
present experiment was to study the 
context effect in an instrumental 
learning situation where the presumed 
relationship between the performance 
measure (i.e., response speed) and net 
incentive value is relatively simple. 
The design of this experiment in- 
volved one experimental and two 
control groups. The experimental 
(Contrast) Ss were trained concur 
rently in two distinct straight run= 
ways, with a large reward in one run- 
way (S+) and a small reward in & 
different runway (S~).. One control 
group received a large reward on 
every trial and a second control group 
received a small reward on a trial. 
Asymptotic performance of the Con- 
trast group in St was compared with 
that of the large reward control group; 
performance in S- was compared with 
that of the small reward control 
group. A contrast effect would be 
indicated by significant differences in 
either or both of these comparisons. 


METHOD 


Subjects —The Ss were 30 male albino rats, 
approximately 120 days old. They weri 
housed in individual living cages. Taming 
and adjustment to a 12 gm. feeding diet was 
carried on for two weeks prior to runway 
training. The 30 Ss were randomly assign! 
to three groups of 10. 

Apparatus—The training apparatus was 2 
double runway similar to that described 
Logan, Beier, and Ellis (1955). Two en 
closed 5-ft. runways were constructed side 
by side, the left one painted black and the 
right one painted white. A single gray start- 
box adjoined the front end of the apparatusi 
by closing guillotine doors the entrance to 
either runway could be blocked. One Stand- 
ard Electric clock timed the interval from the 
opening of the startdoor to S’s breaking & 
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TWO-DAY TRIAL BLOCKS 
Fic, 1. Group average running speed plotted in blocks of two days. (The dashed curves 
represent performance of the Constant reward control groups; the solid curves represent 
performance of the Contrast group in S+ and in S~.) 


photobeam 6 in. out in either alley (start- 
time); a second clock recorded the interval 
from the first photobeam to a second photo- 
beam located 2 in. from the end of the run- 
ways (giving running time). The goalboxes, 
comprising the last 12 in. of the runways, 
were equipped with guillotine doors which 
were lowered after S interrupted the goalbox 
photobeam. Food pellets were placed in pill 
caps secured to the floor at the end of each 
goalbox, Between trials, Ss were detained in 
a 12165 in. unpainted wooden box 
where water was always available. 
Procedure.—The Contrast Ss received 
half of their four daily trials in one runway 
(S*) with an eight pellet reward (each pellet 
weighing 45 mgm.) and the remaining daily 
trials in the other runway (S~) with a one 
pellet reward. For half the Ss, S+ was the left- 
black alley; for the other Ss, S+ was the right- 
white alley. The six possible orders of two S+ 
and two S- trials occurred equally often; the 
daily order for half the Ss was randomly 
selected (e.g., + — — +) and the remaining 
‘Ss had the reverse sequence (— + + —). 
One control group, Constant 8, received four 
daily trials each rewarded with eight pellets; 
the Constant 1 control group received four 
daily trials with a one pellet reward. Half of 


each control group was run in the right-white 
runway and half was run in the left-black 
runway, a given S always running in the same 
runway. The Ss were left in the goalbox 15 
sec., although these times were a bit longer 
on the first few trials before Ss ate promptly. 

A total of 32 acquisition days (128 trials) 
were given, half of these to St for the Contrast 
group. Each S received its four daily trials 
in alternation with a second S; one rested in 
the detention cage with water available while 
the other received one trial; then the first S 
was given another trial, and so on until both 
had had four trials. Therefore, the intertrial 
interval varied around 1 min. Ten minutes 
after the day’s trials all Ss were fed 12 gm. 
minus the amount of food received in the 
alley. 


RESULTS 


The results are presented graph- 
ically in Fig. 1 which shows group 
average running speeds plotted in 
two-day blocks.? The dashed curves 

? Although starting speeds showed the same 


pattern of results as did running speeds (some- 
what amplified, in fact), they are not pre- 
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represent the Constant groups and 
the solid curves represent S+ and S~ 
speeds for the Contrast group. The 
curves for the Contrast Ss show the 
gradual development of differential 
behavior to S+ and S7, the differentia- 
tion being due primarily to the reduc- 
tion in S~ speeds following the peak 
performance on Days 7-10. During 
these peak days, Days 7-10, per- 
formance in S- was significantly 
faster than performance of the Con- 
stant 1 control group (¢ = 2.00, 
df = 18, P = .06, two-tailed test) ; 
over the same block of trials, per- 
formance in S+ was significantly below 
that of the Constant 8 control group 
(t = 2.84, P = .02). By the end of 
training (Days 27-32) performance in 
S- had fallen to a level significantly 
below that of the Constant 1 group 
(t = 2.48, P = .03), thus showing an 
ultimate contrast effect in S-. At 
the termination of training, perform- 
ance in S+ had increased to about 
the level of the Constant 8 group 
(t = 1.19 for the difference over Days 
27-32); both of these speed averages 
differed from that of the Constant 1 
Ss at well beyond the .01 level, 


Discussion 


These results have shown that the net 
incentive produced by a small reward is 
diminished when that reward occurs 
in a situation where S sometimes receives 
larger rewards. One question raised 
but not answered in this study is whether 
this reduced incentive value is a rela- 


sented since they are probably biased in favor 
of faster starting speeds for the control 
groups. The control Ss always ran in the 
same runway (e.g., left) and undoubtedly 
learned favorable orienting behaviors in the 
startbox; the Contrast Ss, running equally 
often to the right and left runways, could not 
learn such favorable preparatory behavior. 
This differential preparatory factor is quite 
unlikely to have affected the running times 
which were recorded after the response was 
well under way, 
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tively permanent effect; conceivably, 
after more extended discrimination train- 
ing, performance in S~ might recover to 
the level displayed by the Constant 1 
control group. Observations from two 
other studies have indicated that a 
similar downward contrast effect ap- 
pears even when the reward in S~ is 
zero. For example, Logan (1960) has 
reported that when trials are sufliciently 
spaced, rats will run down a runway at a 
slow but moderate speed although they 
have never been rewarded in such a sit- 
uation ; in comparison, in a discrimination 
experiment (Bower & Trapold, 1959) 
it was observed that when rats were 
rewarded when run in S+ on half their 
trials, they developed an active avoid- 
ance of the nonrewarded goalbox on S- 
trials. Thus, the acceptability of even 
“no reward” appears to be influenced 
by the alternative rewards the S receives 
in the experimental situation. 

These data provide no evidence for an 
“upward” contrast effect (ie: an St 
performance superior to that of the large 
reward group); in fact, the data show S+ 
performance to be slightly below that of 
the Constant 8 group. However, it might 
be argued that the use of a very large 
reward (eight pellets) precluded the ap- 
pearance of the upward contrast effect 
because of the ceiling inherent in the 
speed measure; conceivably, the effect 
might appear at lower reward values and 
this possibility remains to be tested. 

One may note that the pattern of 
contrast effects found here agrees with 
the findings of studies involving shifts 
inreward quantity. Reduction in reward 
quantity frequently leads to a momen- 
tary depression in performance of the 
shifted group to below that of a constant 
small reward group; in comparison, if 
sufficient preshift training has been 
given, increases in reward quantity do 
not produce a temporary “elation” of 
the shifted group to above the perform- 
ance of a constant large reward group. 

It is suggested that “downward” con- 
trast effects like those reported here may 
be understood in terms of a frustration 
construct such as Amsel (1958). has 
proposed. Amsel treated only the case 
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where frustration is elicited by non- 
reward after sufficient prior rewards 
have resulted in the development within 
the situation of a stable anticipatory 
goal response (r). To handle the present 
data, his hypothesis must be extended 
to include within the class of frustrating 
events the occurrence of a reward that is 
smaller than that appropriate to the on- 
going 7, amplitude. More direct evi- 
dence bearing on such an extension has 
been reported elsewhere (Bower & 
Stocks, 1960). 

Applying this analysis to the present 
experiment, the lowered performance in 
S- is considered to result from a conflict 
between anticipation of reward (r,) and 
the anticipation of frustration in the S~ 
goalbox. Frustration is expected to be 
elicited in the S~ goalbox during the 
intermediate stages of discrimination 
training when the large amplitude rg 
established in S+ occurs in S- through 
stimulus generalization. It may be 
noted that this analysis does not imply 
an upward contrast effect in St and is 
thus consistent with that part of the 
data. 


SUMMARY 


This study investigated the effect on run- 
way performance of rats of giving contrasting 
amounts of reward in two concurrent learning 
situations. Rats in the Contrast group re- 
ceived a large reward when run in one alley 
(S+) and a small reward when run in a dif- 
ferent alley (S7), the two types of trials 
occurring in random alternation. Perform- 
ance in St and S~ was compared with that of 
two control groups, one receiving a large 
reward and one receiving a small reward on 
every trial. Asymptotic performance of the 


Contrast group in S~ was inferior to that of 
the small reward control group, whereas per- 
formance in S* was slightly but not signifi- 
cantly lower than that of the large reward 
control group. Thus, the effectiveness of a 
small reward is diminished when it occurrs 
in a context where S sometimes receives larger 
rewards. These results were interpreted in 
terms of frustration elicited by the small 
reward when S expects a large reward. 
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T-MAZE REVERSAL FOLLOWING DIFFERENTIAL 
ENDBOX PLACEMENT ! 


JAMES R. ISON? ann DAVID BIRCH 
University of Michigan 


Discrimination reversal studies by 
Reid (1953), Pubols (1956), and 
Capaldi and Stevenson (1957) using 
choice apparatus and by Birch, Ison, 
and Sperling (1960) using the method 
of single stimulus presentation have 
demonstrated greater ease of reversal 
for a group given extended training 
on the original problem than for a 
group reversed at criterion. Inter- 
pretations of this finding have empha- 
sized either the learning of facilitating 
choice point discrimination responses 
(Pubols, 1956; Reid, 1953) or the 
differential extinction of the response 
to the formerly positive stimulus 
(Birch, et al., 1960; Capaldi & Steven- 
son, 1957). 

The present experiment is a further 
investigation of the overlearning re- 
versal phenomenon in which the 
learning of possibly facilitating choice- 
point responses during initial training 
was eliminated. To accomplish this 
both criterion and overlearning groups 
were given the appropriate rewarded 
and nonrewarded experiences by direct 
placement into detached black and 
white endboxes. In this initial train- 
ing there was no exposure to the choice 
point of the T maze. The endboxes 
were subsequently attached to the 
arms of a single unit, mid-grey, T 
maze and the two groups were given 
T-maze training. In this training the 
reward contingency of the endboxes 
was reversed, the endbox in which S$ 
received food in placements was now 

1 This research was supported by a grant 
from the National Science Foundation 
(NSF-G9779) to the second author. 
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empty and the endbox which was 
empty in placements was baited. 


METHOD 


Subjects.—The Ss were 14 male and 14 
female hooded rats, approximately 100 days 
old at the beginning of training. The male 
rats were obtained from Rockland Farms, 
New City, New York, and the female rats 
were obtained from the laboratory colony 
maintained by the Psychology Department of 
the University of Michigan. Three females 
were discarded, one in each group for failure 
to run in the T maze and one in the extended 
training group for failure to eat during the 
placements. 

Apparatus.—A single-unit T maze was 
used. The stem and both arms were 18 in. 
long, 4 in. wide, 6 in. high and painted mid- 
grey. The first 6 in. of the stem served as a 
startbox and was separated from the rest 
of the stem by a guillotine type retrace door. 
Retrace doors were also present at the en- 
trance to each arm and to the endboxes. 
Baffles placed in the arms prevented reception 
of the endbox stimuli from the choice point. 
The endboxes measured 9 in. long, 6 in. wide, 
and 6 in. high, Four were available, two 
painted black and two white. The maze was 
covered by hardware cloth painted the appro- 
priate color. It was maintained in a stable 
position in a heterogeneous room offering 
many extramaze cues. 

Procedure.—The Ss were placed on a 23-hr. 
deprivation schedule by feeding for 1 hr. each 
day for 14 days prior to the experimental 
treatments. On each of these days Ss were 
handled a minimum of 5 min. They were 
then assigned to either a 200-placement group 
(Group 200) or a 50-placement group (Group 
50). During initial training Ss received 10 
placements each day, 5 rewarded in the white 
endbox and 5 nonrewarded in the black end- 
box with the sequence determined by Geller- 
man orders (1933). A small metal foodcup 
was attached to the side of each endbox. 
The S was placed on the side opposite the 
foodcup with its back towards it. The reward 
was a 0.05-gm. pellet of dog chow. During 
the placements the endboxes were removed 
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from the T maze and their position in the 
room bore no consistent relation to their 
subsequent position during the T-maze train- 
ing. The intertrial interval was 5 min. 

The T-maze training was given in 10 
noncorrection trials each day to a criterion 
of 19 correct in two successive days. On the 
first trial 2 unbaited white endboxes were in 
place, one on each arm. On all subsequent 
trials a baited black endbox was placed on the 
side opposite the first choice. The intertrial 
interval was approximately 15 min. 


RESULTS 


Group 200 reached criterion with a 
mean of 5.92 errors (SD = 2.18) and 
Group 50 with a mean of 8.00 errors 
(SD = 1.88). This difference is sig- 
nificant at the .05 level (¢ = 2.44, 
df=23). Group 200 reached criterion 
in a mean of 1.92 days (SD = 0.95), 
Group 50 in a mean of 2.54 days, 
(SD = 0.93). This difference is not 
significant, ((=1.58, df=23, P <.20). 

Complete data on the errors in each 
precriterion trial are available only 
over the first 3 days of T-maze 
training. (Several Ss reached cri- 
terion at this point.) The mean num- 
bers of errors in sets of two trials 
are presented in Fig. 1. Group 200 
made fewer total errors over the 3 
days. In addition, the within-day 
distribution of errors appeared to be 


different for the two groups with 
Group 200 making relatively more 
errors in the initial trials and relatively 
fewer errors in the terminal trials of 
each day. 

For statistical analysis over the 
3 days, the 10 trials of each day 
were grouped into the first 5 trials 
and the last 5 trials. This analysis 
is presented in Table 1. In the first 
5 trials Group 50 had a mean of 4.46 
errors, and Group 200 a mean of 4.50 
errors. In the last 5 trials Group 50 
had a mean of 3.46 errors, and Group 
200 a mean of 1.83 errors. Both 
Groups and Trials were significant 
main effects, and the G X T inter- 
action was also significant. 


Discussion 


One explanation of the overlearning- 
reversal effect is that, during the ex- 
tended training, responses are learned 
to the choice point which facilitate the 
subsequent discrimination; these re- 
sponses might be, e.g., the receptor 
orientations described by Wyckoff (1952). 
In the present experiment neither group 
was presented with the choice point 
stimuli prior to the test problem, but 
the group given the extended endbox 
training learned in fewer trials. The 
differential transfer of facilitating choice 
point responses from the original problem 
into the reversal problem is not an 


TABLE 1 


ANALYSIS OF VARIANCE OF ERRORS MADE IN 
TRIALS 1-5 AND TRIALS 6-10 OVER 
THE First 3 Days or 
T-MAZE TRAINING 


Source af | MS F 
Between Ss (24) 
Groups (G) 1 | 7.88| 6.09* 
Error (b) 23 1.30 
Within Ss (25) 
Trials (T) 1 |40.50 | 29.52** 
GXT 1 | 8.67] 6:32% 
Error (w) 23 1237; 
*P = 05. 
*P = 01 
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adequate explanation of the present 
results. 

A second interpretation of the phe- 
nomenon is that the two groups differ 
in the resistance to extinction of the 
response to the formerly reinforced 
stimulus. The design of the present 
experiment did not permit a direct 
assessment of the change in strength 
of the approach response to the previ- 
ously reinforced goalbox. However, the 
results are consistent with such an 
interpretation. 


SUMMARY 


This experiment tested one explanation of 
the finding that a group given extended 
training on a discrimination problem learns 
its reverse in fewer trials than a group re- 
versed at criterion. Two groups of rats 
received rewarded placements into a white 
endbox and nonrewarded placements into a 
black endbox, one group receiving 50 place- 
ments and the other group 200. The end- 
boxes were then attached to the arms of a 
grey T maze and Ss received T-maze training. 
In the T maze the white endbox was empty 
and the black endbox contained food. ‘The 
group given the 200 placements learned the 
T maze with fewer errors. Neither group 
had any experience with the choice-point 


stimuli prior to the test problem and could 
not have learned any differential responses 
to the choice point during the placements. 
The explanation that extended training groups 
learn responses to the choice-point stimuli 
which subsequently facilitate the learning of 
the reversal problem is inadequate to account 
for these results, 
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EFFECTS OF VARIABLE MAGNITUDE OF REWARD 
ON A LEVER-PULLING RESPONSE! 


DONALD J. LEWIS 


Louisiana State University 


“Variable magnitude of reward” 
refers to the operation of changing 
reward between at least two different 
magnitudes for each S. One reward 
is given on each trial, but the magni- 
tude varies irregularly from trial to 
trial. Using this procedure with rats, 
Logan, Beier, and Kincaid (1956) 
found that variable magnitude of 
reward increased resistance to extinc- 


tion, Wike, Kintsch, and Gutekunst 
(1959) have since confirmed this 
result. 


The purpose of the present experi- 
ment was to study the effect of vari- 
able magnitude of reward on human 
Ss, using a lever-pulling response. 


METHOD 


Apparatus —The apparatus used in this 
experiment has been described in detail in 
previous reports (Lewis & Duncan, 1957, 
1958). Basically, it is a modified electrical 
slot machine. The S puts a chromium plated 
disc into a slot, pushes some buttons, and 
pulls a lever. If the trial is a rewarded one, 
S receives another disc through a payoff 
slot; otherwise no payoff is given, The S 
is given a large number of discs and is told 
that he can play as long as he wishes. He is 
also told that, at the end of play, he will re- 
ceive money for each disc that he has won 
through the payoff trough. He will receive 
either 1 or 50 cents depending on the condition 
to which SS is assigned, and he is informed of 
the exact amount on each winning trial. 

Design and procedure —All Ss were given 
nine acquisition trials; these were the trials 
over which rewards were distributed. Fol- 
lowing acquisition, the extinction trials began 
and no further rewards were ever given. 
Eight different groups were run in this experi- 
ment. Table 1 summarizes the experimental 


1 This study was supported by a grant from 
the National Science Foundation. 
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conditions. The table also shows which trials 
were rewarded for the various groups and on 
what trial the reward was given. It can be 
seen that Group 8 was a 0% reward group; 
with no money given on any trial, the distinc- 
tion between acquisition and extinction is 
purely arbitrary. 

Instructions.—The instructions for this ex- 
periment were very much like those used 
for other experiments in this series. The Ss 
were told how to operate the machine and at 
the conclusion of each winning play they were 
told what the disc was worth, either 1¢ or 50¢, 
On a nonwinning trial no disc at all was pre- 
sented to S, They were to keep the discs 


TABLE 1 
DESIGN OF THE EXPERIMENT 


Groups 

Trials 

1 2 3 4 5 6 7] 8 
1 | 1¢ | sog 1¢ | sog) o¢] og | 1g] og 
2 | 1/50 50/0] o] 1] 0 
Sia AU E eT SOs LA connie i: 
4 | 1/50/50]50] 1/50] 1 | 0 
5 | 1/50} 1/50] 0] 0] 1] 0 
6 | 1|50] 1/50] 0] 0] 1] 0 
7 | 1/1] 1}/50/ 0] of 1] 0 
8 |1| 1] 1/50} 0] 0] 1] 0 
9 |50|50}50/50] 1 |50} 1] 0 


they won separate from those they were 
playing with and to turn in the former at the 
close of the experiment for the appropriate 
amount of money. The Ss were also told 
that they could play as long as they liked 
and that when they decided to quit they 
should exchange the discs they had won for 
money. After S had decided to quit, he was 
paid off with coins, given a plausible, but 
false, explanation of the machine, and told 
not to tell any other person how the machine 
operated or how much he had won. 

Subjects.—The Ss were 480 students from 
introductory psychology classes at North- 
western University. Sixty Ss were assigned 
in sequence as they appeared in the laboratory 
to each of the eight groups. 
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RESULTS AND Discussion 


The total number of plays to quit- 
ting (extinction) composed the basic 
data of this study. A common 
logarithm transformation was made 
for each of these scores and all 
analyses were performed on these 
transformed scores. 

Three different patterns of reward 
variability were used in this experi- 
ment, These were given to Groups 
1, 2, and 3 as described in Table 1. 
To determine whether variability of 
reward magnitude resulted in in- 
creased resistance to extinction the 
data of Groups 1, 2, and 3 were com- 
bined (all had 100% reinforcement), 
and the mean of these three was com- 
pared by ¢ test with the combined 
means of Groups 4 and 7, the constant 
100% groups. Each of the variable 
reward 100% groups was also com- 
pared separately with each of the 
constant 100% rewarded groups. 
None of the ¢ tests approached 
Significance. 

An analysis of variance was per- 
formed on the three variable 100% 
reward groups taken together. The 
resulting F was 2.96 with 1 and 77 df. 
This falls considerably short of the 
value required at the 5% level of 
significance. 


The conclusion to be drawn from these 


TABLE 2 
MEAN ANTILOGs OF LoG PLAYS to Extince- 
TION AND OF LoG SD IN tug 
EtGut Groups 


Antilog of 
Group Masta. Andug ce Log SD 

1 21.23 3. 

2 23.77 38 
3 35,98 3.15 
4 23,66 5.08 
5 47 319 2.67 
6 47 318 2.38 
7 32.14 2.94 
8 52.97 2.01 

* Identical values, 
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analyses is that variable reward does 
not increase resistance to extinction in 
this situation. Further, the three pat- 
terns of reward variability manipulated 
here make no statistically significant 
difference. It had been expected that 
Group 1, for which the first eight acquisi- 
tion trials were rewarded by 1¢ and the 
final acquisition trial rewarded by 50¢ 
would be least resistant to extinction. 
The final, large reward should have made 
the onset of extinction easier to dis- 
criminate. Table 2 shows this ap- 
parently to be the case, although the 
level of significance is inadequate. It 
was also predicted that Group 3 would 
exhibit greater resistance to extinction 
than Group 2. This was because there 
was a greater number of 50¢ winning 
trials in Group 2 and the 50¢ trials would 
stand out more clearly from extinction. 
Again the predicted trend did occur but 
the F of 2.96 (P > 05) indicates that 
the interpretation of these differences 
must be extremelysguarded. 

Another question that can be asked 
of these data has to do with the effect 
of variability of reinforcement with 
percentage of reinforcement below 100% 
held constant. Group 5, for example, 
has reward variability ranging from 0¢ 
to 1¢ within a 22% schedule, and Group 
6 has reward variability ranging from 
0¢ to 50¢, also within a 22% schedule. 
The means of these two groups did not 
differ, Within 100% reinforcement, 
Groups 4 and 7 also afford a test of the 
effect of constant magnitude of reward 
on extinction in that for Group 4 the 
reward is 50¢ on all trials and for Group 
7 the reward is 1¢ on all trials. The 
# tests for the comparison of these two 
groups yielded a value of 1.20, also 
short of significance. 

All comparisons of the partially rein- 
forced groups with the continuously 
reinforced groups showed that the par- 
tially reinforced groups were more re- 
sistant to extinction, supporting evi- 
dence from the previous studies in this 
series (Lewis & Duncan, 1956, 1957, 
1958). That the effect of partial rein- 
forcement js clearly present lends in- 
direct weight to the conclusion that 


VARIABLE MAGNITUDE OF REWARD 


varying magnitude is not an effective 
variable in this situation. 

In conclusion it may be remarked 
that, although this study provides no 
evidence that variability of reward in- 
creases resistance to extinction, there is 
consistent but nonsignificant evidence 
that the pattern of reward variability 
may affect resistance to extinction in that 
the pattern giving the greatest stimulus 
change from acquisition to extinction 
resulted in the fewest plays to extinction. 
It is surprising that the manipulated 
variables had so little effect. The Es 
were somewhat sceptical of the lack of 
significance and continued to run Ss 
until they were convinced. 


SUMMARY 


Fifty Ss were assigned to each of eight 
groups, and given a nine-trial acquisition 
series on a modified “slot machine.” Some 
groups received 100% reinforcement with 
50¢ or 1¢ on each trial. Other groups received 
50¢ and 1¢ irregularly on the acquisition 
trials—conditions of “variable magnitude of 
reward.” Other groups received partial rein- 
forcement. At the end of acquisition, re- 
wards ceased, but Ss were allowed to play 
as long as they liked. The basic response 
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measure was the number of responses to 
quitting (extinction), Partial reinforcement 
had its usual effect in retarding extinction, 
but there was no evidence that variability of 
reward affected extinction in any way. 
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GSR CONDITIONING 
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Dufort and Kimble (1958) have reported 
that UCS-alone trials led to the same per- 
formance increment as CS-UCS trials when 
no ready signal was given before each trial, 
but others (Goodrich, Ross, & Wagner, 1959; 
McAllister & McAllister, 1960) were unable 
to obtain this effect and found that inter- 
polated UCS trials rather led to a decrement 
in performance. The following experiment 
was designed to determine if the effect would 
occur in the conditioning of the GSR. Al- 
though the nature of the GSR precludes the 
use of a ready signal, which would itself 
elicit a response, the experiment nevertheless 
allowed a clear test of the conflicting findings. 


Method 


Subjects.—The Ss were 30 volunteers from 
courses in psychology at the University of 
Sydney. They were allocated alternately 
to the two groups of the experiment in the 
order of their appearance at the laboratory. 
Two Ss were discarded, one from each group, 
because they failed to give any responses 
on test trials; this left 7 men and 7 women in 
Group S and 9 men and 5 women in Group TS. 

Apparatus.—The apparatus! was identical 

1 Part of the apparatus used in this study was pro- 
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of trials before each test trial in groups in which Trials 
oS. were UCS-alone (Group S) and CS-UCS (Group 


with that described elsewhere (Champion & 
Jones, 1961) except that (a) the CS was a 
2000-cps, 75-db., sine-wave tone of 2000-msec. 
duration presented to S through head- 
phones, and (b) the onset of the CS occurred 
1000 msec. before the onset of the UCS 
(shock). 

Procedure-—The first 10 trials were the 
same for all Ss and consisted of the following: 
sequence of CS-alone trials (T) as tests of 
performance, UCS-alone trial (S), and CS- 
UCS trials (TS): T, S; TS, TS, T, TS, Tj 
TS, TS, T. For Group S the next 5 trials 
were UCS-alone trials and for Group TS 
they were CS-UCS trials. The last’ trials 
in the procedure were again the’ same for 
both groups and made up the sequence TS, 
T, TS, TS, T. Thus tests of performance 
through CS-alone trials were made after 0, 2, 
3, 5, 11, and 13 CS-UCS trials or UCS-alone 
trials without taking into account Trial 2, 
shock alone. After the first two trials no 
instructions were given when the stimulus 
conditions were changed. 


Results 


The obtained performance curves are 
shown in Fig. 1. Because the distribution of 
scores was not normal the median GSR was 
used as a dependent variable and nonpara- 
metric statistical tests were applied to the 
data. The interpolated UCS-alone trials 
produced a decrement in performance in 
Group S whereas the corresponding CS-UCS 
trials produced an increment in Group TS. 
A U test applied to the scores on Trials 
11-13 (Fig. 1) showed the difference between 
Groups S and TS to be significant (z = 1.95, 
P = .05). The decrement in Group S and the 
increment in Group TS were examined sepa- 
rately by applying rank tests to a comparison 
of the total score on the two test trials before 
and after the interpolated UCS-alone trials 
or the corresponding CS-UCS trials, i.e- 
Trials 3-5 vs. Trials 11-13 in Fig. 1. The 
respective z values were 1.70 (P = .09) and 
1.67 (P = .05 with a one-tailed test). 

It is clear that the interpolated UCS trials 
in Group S did not have the same effect as 
the normal training trials in Group TS under 
the conditions of this experiment and with 
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no ready signals. 


tioning. 


This finding casts doubt 
on the conclusion of Dufort and Kimble 
(1958) that the absence of a ready signal 
is the critical factor in allowing UCS-alone 
trials to produce the same effect as condi- 
On the other hand the similarity 


of the present finding to those of Goodrich 


et al. (1959) and McAllister and McAllister 
(1960) is striking when the well known dif- 
ferences between the eyelid response and the 


GSR are taken into account. 
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SUPPLEMENTARY REPORT: FAMILIARITY OR LOW VALIDITY? 


E. JAMES ARCHER ! 


In a recent article Lindley (1960) con- 
cluded, “that familiarity is an important 
variable in serial nonsense syllable learning. 
Even though the published association values 


of the syllables . . . 


were equal, the familiar 
syllables were significantly easier to learn than 
the unfamiliar syllables” (p. 369). 


is 


possible that familiarity and association value 
| are independent characteristics of verbal ma- 
terials, but it is also possible that Lindley’s 
results and conclusions are a function of the 
invalid and unreliable association values de- 
scribed by Glaze (1928) and Krueger (1934), 


Even if one ignores the very probable change 
in association value over a 30-yr. period, 


1 Paper prepared while author was an NSF Senior 
Postdoctoral Fellow at the Applied Psychology Re- 


search Unit, Cambridge, England. 


University of Wisconsin 


one cannot ignore the fact that there were 
only 15 Ss in the Glaze study and each of 
Krueger's Ss responded to only about 200 
items, i.e., individual differences among Ss 
were ignored, 

On the assumption that the recent tables 
of association value published by Archer 
(1960) are more reliable and valid (each of 
216 Ss responded to all 2480 items) the lists 
which Lindley used were re-evaluated, The 
lists are reproduced in Table 1 and show the 
Glaze and Krueger values, where appropriate, 
as well as the Archer values. 

As may be seen there are considerable 
discrepancies. Of immediate interest are 
the pairs of mean values for Lists 2G and 3G 
and Lists 2K and 3K. These lists were 
thought by Lindley to have equal association 


TABLE 1 


Lists oF TRIGRAMS USED By LINDLEY AND THEIR ASSOCIATION VALUES(%) 


List 2G List 3G List 2K List 3K 
= Syl. As Gb Syl. A G Syl. A Ke Syl A K 
WID 65 80 RUJ 18 93 WES 84 91 LUV 88 96 
FOL 65 93 WIM 5 87 BUR o1 92 QIT 66 96 
JAC 39 87 | BOC 59 87 | PIC 99 96 | ROX | 91 95 
KEP 70 87 | DEY 68 87 | GOV 95 95 | WUN] 81 96 
BIR 81 87 LAQ 58 73 NAM 73 85 DAC 62 89 
HOM 91 100 VIF 21 100 JUL 81 93 YEZ 54 95 
SUG 47 87 TAZ 32 67 DIF 79 97 KOS 54 95 
NEX 61 73 NOK 5 tt YEL 92 99 JEM 90 94 
GAV 77 67 HUP 75 80 TAK 88 99 FAX 59 91 
Mean 72 85 55 84 87 94 72 94 


a Association values from Archer (1960). 
b Association values from Glaze (1928). 


Association values from Krueger (1934). 


e 
| d Glaze (1928) reports two values for NOK; 87% and 53%. 


208 E. JAMES ARCHER 


a 
ASSOCIATION-VALUE SCALES 
160 @cLaze 
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+ ARCHER Rept 
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IN 25 TRIALS 
5 
(J 


MEAN CORRECT RESPONSES 


20 40 60 80 100 
ASSOCIATION VALUE 


Fic. 1. Lindley’s data replotted as a function of 
Archer's association-value scale, ( point is the 
mean of 12 different Ss,) 


values. Where he thought there was only a 
1% difference between 2G and 3G, the differ- 
ence on the Archer scale is 17%; where he 
thought Lists 2K and 3K to be equal, there 
is a 15% difference on the Archer scale. The 
previously assumed association values for 
Lists 4G and 4K were 7% and 49%, respec- 
tively; whereas, the corresponding Archer 
values are 35% and 22%, 

Figure 1 shows Lindley’s (1960) data re- 
plotted as a function of the Archer association- 
value scale. Each point is the mean of a group 
of 12 Ss (total N = 96). In Replication 1, 
one group learned the list of three-letter words, 


and each of the other three groups learned 
one of the “Glaze” lists (2G, 3G, or 4G), 
In Replication 2, one group learned the list 
of three-letter words and each of the other 
three groups learned one of the “Krueger” 
lists (2K, 3K, or 4K), 

The increase in performance (mean cor- 
rect responses in 25 trials) as a function of 
association value is much more regular than 
the Lindley paper indicated, There is no 
reason to expect the function to be linear, 
but it is reasonable to expect it to be mono- 
tonic. Such seems to be the case, By con- 
trast, the pairs of points 2K-3K and 2G-3G 
would suggest a double-valued function. 

Lindley may still be right about the effect 
of familiarity but his data do not support the 
hypothesis. 
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LEARNING WITH REDUCED FEEDBACK INFORMATION! 


MAYNARD W. SHELLY 
Office of Naval Research 


The information S receives concern- 
ing his responses undoubtedly affects 
the rate at which he learns the correct 
response. Although this is obvious, 
two problems remain largely unex- 
plored.. These are the relationship 
between amount of feedback informa- 
tion and initial rate of learning, and 
the relationship between amount of 
feedback information and the general 
shape of the empirical learning curve. 

Most investigations on the effects 
of knowledge of results have sim- 
ply varied the feedback information 
through eliminating or reducing the 
number of events following S’s re- 
sponse. This is true of the old line 
drawing experiments (e.g., Trow- 
bridge & Cason, 1932) and the more 
recent studies involving contingent 


1 The data for these experiments were 
collected while the author was at the Uni- 
versity of Wisconsin. Some of the results 
together with some results not included in 
this paper were presented at the Midwestern 
Psychological Association meeting in St. 
Louis in 1956. The author wishes to thank 
Northwestern University for providing him 
with facilities to complete the analyses of 
these experiments, the Office of Naval Re- 
search for encouraging the professional inter- 
ests of its scientists, and Carolyn Shelly for 
helping in the editing of the final draft of the 


paper. 


and noncontingent feedback (e.g., 
Bourne & Pendleton, 1958; Neimark, 
1956; Shelly, 1960). Feedback informa- 
tion giving the correctness of aresponse 
may also be decreased by increasing 
the number of events following a 
response, which may be considered 
to be noise added to the information 
about the correct response. It is 
the purpose of the present study to 
investigate some of the effects of 
adding such noise to the information 
fed back to S within a paired-associate 
paradigm. 

This paper consists of three experi- 
ments, each of which varied some 
characteristic of the noise added to 
the information given S about the 
correct response. Experiment I varied 
the amount of noise which was added 
to the correct information. In Exp. 
II the sequential characteristics of 
the noise over trials was varied, while 
in Exp. III the distribution of noisy 
events over the set of available 
incorrect response alternatives was 
varied. 

Each experiment asked two ques- 
tions. The first question was whether 
the reduction in initial learning rate 
was proportional to the amount by 
which the noise decreased the infor- 
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mation fed back to S. (Here, and in 
the following, a decrease in informa- 
tion refers to a decrease in the knowl- 
edge needed to identify the correct re- 
sponse, rather than to a decrease 
in uncertainty.) The second question 
was whether the reduction in informa- 
tion produced the same temporal 
pattern of effects for all conditions. 
This latter question is part of the 
question as to whether difficulty of 
the task alters the shape of the 
learning curve. 


GENERAL METHOD 


Task.—The task employed in these experi- 
ments was a slight modification of the usual 
paired-associate paradigm. The S was to 
learn to associate responses (pulling switches) 
with visual stimuli. All conditions employed 
eight stimuli. The stimuli were either angles 
or modifications of a triangle. In some condi- 
tions there were four response alternatives 
and in others, eight alternatives were avail- 
able. When there were eight response alterna- 
tives each stimulus had a unique response 
associated with it; when there were only four 
response alternatives, each response alterna- 
tive was correct for exactly two stimuli. The 
stimuli were presented to S on a screen placed 
before him, Whenever a stimulus appeared 
on the screen S was to attempt to select that 
response alternative which would be correct 
for the stimulus being presented. 

Under conditions with no noise, a lamp 
would light following the response made by S; 
this lamp, located above some switch, indi- 
cated which switch was correct for the pre- 
ceding stimulus. Under the conditions with 
noise, more than one lamp would light follow- 
ing a response by S. The additional lamp 
(or lamps) represent what is referred to as 
noise in the experiments in this paper. Only 
one of the lamps, however, would always come 
on for a given stimulus; this lamp, the con- 
stant lamp, would indicate the correct response 
for the given stimulus. The other lamps, 
occasionally lit after a response, will be 
called noise lamps. Thus, in the conditions 
with no noise, S was required only to associ- 
ate the correct response with each stimulus. 
Th the conditions with noise, S had both to 
identify the correct response for a given 
stimulus and associate this response with the 
stimulus, although these two tasks are not 
really distinct, 


Apparatus—The apparatus consisted of 
two parts; an experimental booth in which 
S sat, and the programing and recording 
equipment exterior to the booth. The interior 
of the booth was flat black. On a sloping 
table in the booth, built into an aluminum 
chassis, were the response switches and the 
green-domed feedback lamps mounted above 
their corresponding switches. Those switches 
not in use were covered by a box. The stimuli 
were presented by strip film projector, and the 
feedback programed on Western Union Tape 
Transmitters, 

Subjects—The Ss were volunteers from 
elementary psychology courses at the Uni- 
versity of Wisconsin, Each group was ap- 
proximately equally divided between men 
and women. 

General procedure——When S reported to 
the laboratory he was, within the restriction 
that the same number of Ss serve in each 


condition, randomly assigned to one of the - 


conditions of the experiment. 

In the instructions S was told that this 
was a learning experiment. He was told that 
one switch would be correct for each different 
stimulus. He was to learn to pull the correct 
switch each time another stimulus appeared. 
If he were assigned to a condition free of noise, 
he was told that the lamp which came on 
after he made a response would indicate the 
correct response for the preceding stimulus. 
If S were in a noisy condition he was told 
that several lamps would come on after his 
response, but that only one of these lamps 
would always light at the end of a trial; the 
switch under this lamp was the correct switch. 
His task, he was told, was to learn which 
lamp would follow each stimulus just as in 
everyday life we learn to anticipate conse- 
quences which always follow a given action 
even though on any one occasion, many things 
might happen. A brief demonstration was 
then given. 

The stimuli were presented to S at a 4- 
sec. rate. About .25 sec. before the stimulus 
changed one or more of the green-domed 
lamps came on and stayed on until the 
stimulus changed. 

In Exp. I the stimuli were presented in 
blocks of 80 trials; blocks of 96 trials were 
used in Exp. II and III. In each block of 
trials each stimulus occurred equally often 
(10 times in Exp. I and 12 times in Exp. II 
and III); the stimuli were assigned their 
sequential positions randomly without re- 
placement. Three different blocks of stimuli 
were employed and each block was presented 
twice. The six blocks composing each experi- 
ment were presented in a random order, 
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Notation for and general characteristics of 
the experimental conditions—To make it 
possible to describe the conditions of this 
paper succinctly, the following notation will 
be used. A parenthesis containing either 
four or eight numbers will be used to repre- 
sent each experimental condition. Assume 
reference is being made to a single fixed 
stimulus. Then, the first position in the 
parentheses will be reserved for information 
concerning the response alternative which 
is correct for this fixed stimulus; the number 
in this first position will equal the number 
of times this given stimulus appears in a block 
of trials. The lamp associated with this 
position is the constant lamp. The remaining 
positions denote the number of times a noise 
lamp will become lit above another alternative 
following S’s responses. 

As an example of this notation, in Exp. I 
there were three conditions: in the first condi- 


„tion no noise occurred, in the second condition 


exactly one noise lamp occurred, and in the 
third there were two noise lamps. Then the sum 
of all numbers in the parentheses beyond the 
first number will equal zero if there is no 
noise, will equal the number of times the 
stimulus appears in a block of trials if one 
noise lamp occurs with each stimulus, or 
will equal twice the number of times the 
stimulus appears in a block of trials if two 
noise lamps occurred with each stimulus. 
Thus if the stimulus appears 10 times in a 
block of trials, possible admissable conditions 
would be the following: (10, 0, 0, 0), (10, 0, 0, 
0, 0, 0, 0, 0), (10, 2, 4, 4), (10, 4, 8, 8), (10, 
2, 4, 4, 0, 0, 0, 0,), (10, 2, 2, 2, 2, 2, 0, 0), and 
(10, 8, 8, 1, 1, 1, 1, 0). The first two repre- 
sentations would be for conditions free of feed- 
back noise having four and eight available 
alternatives, respectively. The numbers 
included in the third parentheses represent a 
condition in which a false or misleading lamp 
comes on above one wrong alternative twice 
and above the other two incorrect alternatives 
four times in a block of 10 trials. To control 
against biases arising from the placement of 
alternatives, especially in Exp. H and II, 
two different associations of correct stimuli 
with response switches were used for each 
condition. 

Measure of information.—Since the purpose 
is to investigate some of the effects of decreas- 
ing information in a learning situation, it is 
necessary to employ some measure of informa- 
tion. Except for Exp. II, where an additional 
measure of information is used, the measure 
of information was computed as follows. 
For each stimulus in the sequence of stimuli 
presented to S, determine the expected 


(average) number of times this stimulus must 
be presented to an S with perfect memory 
before he can identify the correct switch for 
that stimulus. Take the logarithm to the 
base two of the number of response alterna- 
tives available to S. Divide this number by 
the expected number of trials required to 
identify the correct switch. This value will 
be designated by an J. J values can be viewed 
roughly as the average number of bits pre- 
sented to S per trial. When the number of 
alternatives is fixed, this value is simply the 
reciprocal of number of trials required to 
identify the correct alternative for the fixed 
stimulus. 


EXPERIMENT I 


The purpose of Exp. I was to study 
some effects of the amount of noise 
upon learning through varying the 
number of noisy events which followed 
a response. 


Method 


Conditions—There were six conditions. 
In the following list of conditions, the values 
in the parentheses, in other than the first 
position, represent expected values over three 
blocks of trials: 


. (10, 0, 0, 0), Z = 2.00 

. (10, 3.3, 3.3, 3.3), I = .86 

(10, 6.7, 6.7, 6.7), I = 47 

. (10, 0, 0, 0, 0, 0, 0, 0), Z = 3.00 

| (10, 1.4, 1.4, 1.4, 1.4, 1.4, 1.4, 1.4), T = 1.43 
. (10, 2.9, 2.9, 2.9, 2.9, 2.9, 2.9, 2.9), I = 97 


Conditions 1 and 4 were conditions free of 
noise. In Cond. 2 and 5 one noise lamp, 
occupying a position selected randomly from 
among the incorrect positions, appeared on 
each trial. In Cond. 3 and 6 two noise lamps 
appeared on each trial; the sequence of pairs 
of positions occupied by the noise lamps was 
random in these two conditions. 

Subjects and stimuli —A total of 10 Ss 
served in each condition. Four of the Ss 
were, however, replacements for Ss who ap- 
parently could not understand the instruc- 
tions. These 4 Ss, all in noise conditions, 
showed no signs of learning anything, and 
at the end of the experiment could not explain 
what they were supposed to have done in the 
experiment or gave erroneous explanations, 

The stimuli used were eight angles: 0°, 
45°, 90°, 135°, 180°, 225°, and 315°. All were 
drawn in standard position. 
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(b) 


Proportionate and observed response to the reduction in feedback information 


for the first three blocks of trials in Exp. I for conditions with four-alternative (a) and eight- 


alternative (b) responses, 


Results 


Initial rate of learning —To ex- 
amine the effects of reduced feedback 
information upon initial rate of learn- 
ing only the data from the first three 
blocks of trials were used. After 
the first three blocks, the no-noise 
groups were approaching perfect per- 
formance. This made it difficult to 
determine the appropriate predicted 
performance for the noise groups. 

In Fig. 1 are presented the data for 
the first three blocks of trials. The 
curves in Part a are for four-alterna- 
tive conditions; those in Part b for 
the eight-alternative conditions. The 
Curves in Parts a and b labeled “O” 
are the learning curves for the condi- 
tions free of noise. These curves act 
as both empirical results and the basis 
for the theoretical predictions of 
proportionality. Below these curves 
are both solid and broken curves. 


The solid line curves below these 
O curves are computed on the basis 
of I values, They represent the 
percentage of correct responses which 
would result had Ss shown a loss, for 
a fixed block of trials, proportionate 
to the decrease in information. That 
is, they were computed as follows. 
The value on the O curve was taken 
for a fixed block of trials. This was 
then multiplied by the ratio of the 
I value for the curve being com- 
puted to the 7 value for the appro- 
Priate O curve. The dotted curves 
represent the obtained results. Data 
points for each pair of predicted and 
obtained curves are enclosed by 
identical symbols. Each set of solid 
and broken curves are labeled by a 
number. The numbers represent the 
number of noise lamps which appear 
per trial in the conditions upon which 
the curves are based. As can be 
observed for both four (Part a) and 
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eight (Part b) alternatives, the cor- 
respondence is generally quite fair. 
For the condition with four alternative 
responses, the prediction of propor- 
tionality agrees with the results within 
19.4% error. For the eight-alterna- 
tive response conditions, the agree- 
ment is better, to within 14.0% error. 


To obtain a measure of the correspondence 
between the proportionate predicted values 
and the obtained values, the following meas- 
ure was employed. Let X; be a random 
variable, normally distributed with mean zero 
and variance 1. Then define the derived 
random variable W to be: 

N 
W = È HX; + Xin) 


i=l 


= (Xi, Xiz) 


where c(X; Xi) =0 if sign (X;) = sign 
(Xi41), i.e., both X; and X;41 have negative 
values or both variables have positive values; 
or c(Xi, Xiyı) = 1 if sign (X;) # sign (Xip). 
W then represents the random variable which 
takes on as values the area between the pre- 
dicted and obtained curves, when the dis- 
tances between corresponding points on the 
curves have been transformed into appro- 
priate scores based on standard deviations 
and successive points along the abscissa are 
separated by unit distances. The area 
obtained in this manner will be called a 
normalized deviation area. 

W was used as a measure of the amount 
of correspondence between the predicted and 
obtained results. This measure was used in 
preference to others for two reasons. First, 
this measure takes into account the amount 
of variability at each data point; small devia- 
tions between curves can be quite important 
if the variability is correspondingly small. 
Secondly, the use of areas instead of distances 
between a small number of corresponding 
points, is sensitive to the sequential ordering 
of data points about the theoretical points. 
If the data points lie consistently to one side 
of the theoretical points, then the normalized 
deviation areas would be larger than were the 
two curves to cross several times. 


For Experiment I, the normalized 
deviation areas are 1.97, 8.68, 1.68, 
and 2.10 for Cond. 2, 3, 5, and 6, 
respectively. 


Shape of the learning curve-—The 
following analysis is directed towards 
the effects of reduced information 
upon the shape of the performance 
curve. There are many specific ques- 
tions which could be asked on the 
general problem of shape of learning 
curves. One of the most interesting 
is the location, in the empirical learn- 
ing curve, of the point at which the 
greatest increase in the number of 
correct responses takes place. This 
of course has a direct implication for 
the shape of the learning curve. For 
the usual learning curve, this place 
of maximum increase would be be- 
tween the beginning of the experiment 
and the end of the first block of trials. 
If it occurred elsewhere, the learning 
curve would not be monotonically 
negatively accelerated. The following 
analysis will be concerned with the 
maximum increase in the proportion 
of correct responses between succes- 
sive blocks of trials; this quantity 
will be denoted by MaxAR. The 
chief interest will be the location of 
the MaxAR in the learning sequence. 
In Fig. 2 the value of MaxAR is 
given by the height of the bars. It 
may be seen that the place at which 
MaxAR occurs varies with experi- 
mental conditions. The meaning of 
“Block after which MaxAR occurs” 
in Fig. 2 is as follows: If the maximum 
increase in the proportion of correct 
responses occurs between (a) the 
proportion of correct responses which 
could be expected on a chance basis 
and (b) the proportion of correct 
responses obtained on the first block 
of trials, MaxAR is considered to 
have occurred after block “O.” If 
MaxAR occurs between the second 
and third block of trials, it is included 
in the graph as occurring after Block 
2. The last place MaxAR could 
occur in this experiment would be 
between Blocks 5 and _6,\ or after 
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Ly 
BLOCK AFTER WHICH 
MAX AR OCCURS 


3 2 t20 


Fic. 2. Amplitude of MaxAR, and the 
relation between the block after which it 
occurs and J value of the feedback information 
for Exp. I. 


Block 5 in Fig. 2. This dimension 
located the position of MaxAR in 
the learning sequence. The other 
dimension on the floor of the graph 
simply gives the Z values listed pre- 
viously for the conditions of Exp. I. 
Sometimes the differences between 
the increases in proportions of correct 
responses between blocks are quite 
small. It is consequently desirable 
to establish the reasonableness of two 
types of statistical hypotheses. First, 
it is desirable to establish that the 
distribution of positions of MaxAR 
cannot be accounted for by chance 
deviations from either the zero or first 
block positions. Secondly, because 
the relationship of the position of the 
MaxAR values to the I values is im- 
portant, it is also desirable to obtain 
some estimate of this relationship. 
The probability of finding a set of 
deviations in the position of MaxAR 
from the zero block position as large 
or larger than those obtained in this 
experiment, under the hypothesis of 
» a rectangular distribution, will be 
denoted by Py. The probability of 
finding a similar set of deviations from 
the Block 1 position as large or larger 
than those obtained will be denoted 
by Pı. For this experiment the values 


of these two probabilities were : 


15 
P= 6 < .001 
and 
12 
P, = 55 < .004 


It is thus unlikely that MaxAR 
occurs during the first part of the 
learning sequence in all conditions. 

Consider a line drawn from the 
corner of the zero block and J value 
of 3.00 to the diagonally opposite 
corner, Block 5 and I value zero; 
this line would result from a perfect 
linear relationship between MaxAR 
and I value which passed through 
the two described corners. This 
line has no theoretical significance. 
It was chosen because if the relation- 
ship between position of MaxAR and 
the I value approximates this line, 
it will be clear that the “shape of the 
learning curve” depends upon the 
I value of the feedback information. 
The positions that the columns would 
occupy were there such a_ perfect 
relationship in Exp. I between these 
two variables are indicated by the 
rectangles on the floor of the graph; 
these rectangles do not lie solely on 
the diagonal. The rectangles in Fig. 
2 could lie solely on the diagonal for 
the I values used only if MaxAR 
could assume values other than whole 
numbers. Since this is not logically 
possible within the framework of the 
experimental analysis, the illustrative 
rectangles are placed on the nearest 
whole number of the dimension “Block 
after which MaxAR occurs.” This 
results in their only approximating a 
diagonal. 

The probability of finding a set of 
deviations from this hypothetical diag- 
onal line as small or smaller than those 
obtained, under the hypothesis of a 
rectangular distribution, will be de- 
noted by Ppiag.. This gives the proba- 
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ability that, as graphed, there is not a 
relationship close to a linear relation- 
ship passing through the two corners 
between the position of MaxAR and 
the J values of the conditions of Exp. 
I. The value of this probability was: 


2 
Poiag. = Bi < .002. 


probability that the position of MaxAR 
is not closely related to the J values 
of feedback is small. Consequently, 
the shape of the learning curve varies 
with information fed back. 

It will be noted that although there 
seems to be some tendency for the 
values of MaxAR to decrease as the 
I values of the feedback decrease, 
the size of the decrease is not striking. 
The tau correlation coefficient be- 
tween these two variables is, however, 
-866. 


Therefore the 


EXPERIMENT II 


In Exp. I the Z values of the feed- 
back information were changed by 
varying the number of noisy events 
which followed a response. Experi- 
ment II attempts to extend these 
results to conditions in which the J 
values are changed by varying the 
sequential patterning of the noisy 
events. Patterning is varied prin- 
cipally by varying the number of times 
a noise lamp remains in the same 
position for successive presentations 
of a given stimulus. 


Method 


Conditions —The conditions for Exp. IL 
are presented in Table 1, together with the 
T values for each condition. For all condi- 
tions, except the two noise-free groups, two 
lamps came on following each of S’s responses. 
One of these lamps, the constant lamp, indi- 
cated the correct response; the other was a 
noise lamp. In all but one of the noise condi- 
tions, (Random,), each stimulus was paired 
with two positions which the noise lamp could 
occupy. A lamp in one of these two positions 
would light, together with the constant lamp 
indicating the correct response alternative, 
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TABLE 1 
Conpitions oF Exp. IL 


4-Alternative | 8-Alternative 


ee r eat iy Conditions Conditions 
of Change in 
Noise! Danis ni Aa: | rues 
No noise (N)* 2.00 | 2.00 | 3.00 | 3.00 
Alternating (A) | 1.00 | 1.00 | 1.50 | 1.50 


Random; (Ri) .78 | .78 | 1.43 | 1.43 


Randoms (Re) .67 | .67 | 1,00 | 1.00 

By quarter 72 50 | 1.09 67 
blocks (Q) 

By peut blocks 58] .29 | .87 | 43 


The letters in parentheses denote the symbols by 
which the conditions are referred to in Fig. 3 and 4, 


following each presentation of the appropriate 
stimulus. The effects of the sequential 
patterning of the position of noise lamps are 
the particular interest in this experiment. 

In the alternating noise conditions (Cond. 
A), the two noise lamp positions for each 
stimulus are employed alternatively. After 
the presentation of a given stimulus a noise 
lamp in one position lights; on the next pres- 
entation of this stimulus the noise lamp in the 
other position comes on. The position of the 
noise lamp continues to alternate in this 
fashion. 

In the conditions designated as “By Quar- 
ter Blocks” (Cond. Q), one noise lamp posi- 
tion was employed successively for three 
presentations of a given stimulus; then the 
noise lamp in the other of the two positions 
it assumed would come on for the next three 
presentations of the same stimulus. Thus 
the noise lamp position which was paired 
with a given stimulus changed every quarter 
of a block. 

In those conditions labeled “By Half 
Block” (Cond. H), the noise lamp position 
changed every half block. The noise light 
would come on in one position for six presenta- 
tions of a given stimulus and then the other 
position of the noise lamp would be employed 
for the next six presentations remaining in the 
block. Thus, the noise lamp changed posi- 
tions at the beginning of a block of trials, 
and once more half way through the block. 

The no-noise conditions are the same as 
Cond. 1 and 4 in Exp. I, except that each 
stimulus is presented 12 times in one block. 

Two types of random conditions were used 
in this experiment, Random, (Cond. [12, 
4, 4, 4) and [12, 1.7, 1.7, 1.7, 1.7, 1.7, I 
1.7]), was the same as Cond. 2 and 5 in Exp. 
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Fic. 3. Proportionate and observed re- 
sponse to the reduction in feedback informa- 
tion for the first three blocks of trials for the 
two random conditions of Exp. Il. (Four- 
alternative, a, and eight-alternative, b, con- 
ditions.) 


I with the exception that the number of 
stimuli per block was changed. Randoms 
(Cond. [12, 6, 6, 0] and [12, 6, 6, 0, 0, 0, 0, 07) 
acts more closely as a control for conditions 
of Exp. II in that the noise lamp can assume 
only one of two incorrect positions. For 
Random, conditions the probability on any 
one trial of the noise lamp changing from its 
previous position is .5. 

Information measures—In Table 1, fol- 
lowing each condition, two I values are given. 
J; is the same information measure as de- 
scribed in the General Method section. It is 
based on the expected number of trials re- 
quired for an S with perfect memory to 
identify the correct response alternative, 
when the beginning point in the sequence 
is chosen at random. J» is identical except 
that the beginning points in the sequence are 
considered to occur immediately after a 
change in the position of a noise lamp. This 
increases the expected number of trials re- 
quired to identify the correct response alter- 
native for a fixed stimulus in the Cond. Q 
and H, and since in Cond. A the position of 
the noise lamp alternates between the two 
Possible positions, J, equals Ix. J» is em- 
ployed in addition to J, since it is conceivable 
that an S's efforts to filter out the noise may 
begin with or be intensified by the occurrence 
of a change in the noise lamp's position. 
There are then two bases by which to com- 
pare performance in the noise conditions. 

Subjects and stimuli —Ten Ss served in 
each condition. Two of these Ss were re- 
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placements for Ss who apparently did not 
understand the instructions. The same cri- 
teria for rejection were used as in Exp. 1. 

The eight stimuli used were clearly dis- 
criminable modifications of a solid black 
isosceles triangle. These stimuli were formed 
with all possible combinations of the follow- 
ing: the presence or absence of a hole in the 
center of the triangle; the presence or absence 
of a cut perpendicular to the base which 
eliminated one corner; and the presence or 
absence of a cut oblique to the base which 
eliminated the other corner at the base of the 
triangle. 


Results 


Initial rate of learning.—In Fig. 3 
are presented the curves which are 
predicted on the basis of proportion- 
ality and the empirical curves ob- 
tained for the first three blocks of 
trials for the two types of random 
noise conditions. Part a presents 
the data for the groups with four 
response alternatives and Part b for 
eight alternatives. It can be seen 
that in general the prediction of a 
decrease in initial learning rate propor- 
tional to the decrease in J value is 
more accurate for the Cond. Random; 
than for Cond. Randoms. The per- 
centage error between predicted and 
observed is 11.7 for Random,, while 
for Random, it is 21.3%. That the 
prediction of proportionality is more 
adequate for Random; is also ap- 
parent in Table 2 which presents the 
normalized deviation areas. Since 
there was a difference between Ran- 
dom; and Randoms the results to be 
presented below concerning the se- 
quential patterning of the noise lamp 
positions should possibly be consid- 
ered to be limited to conditions in 
which the noise lamp is restricted to 
two positions. (The findings of Exp. 
II will further support the sugges- 
tion that the number of incorrect 
positions a noise lamp can occupy 
must be considered when evaluating 
the prediction of proportionality.) 
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I. 


(e) 
BLOCKS OF 12 PRESENTATIONS PER STIMULUS 


Fic. 4. Proportionate and observed response to the reduction in feedback information for 
the first three blocks of trials for Cond. A, Q, and H of Exp. II. (For Cond. Q and H, propor- 


tionate predictions are made both on the basis of J, and Is. 


The upper three graphs are for 


the four-alternative conditions and the lower three for the eight-alternative conditions.) 


In Fig. 4 the predicted and ob- 
tained curves for Cond. A (Parts a 
and d), Cond. Q (Parts b and e), 
and Cond. H (Parts c and f) are 
presented; the data for the groups 
with four response alternatives are 
presented in the upper three graphs. 
An A, Q, or H with a subscript (0) 
refers to the obtained results. The 
same letters with a P subscript refer 
to the predicted proportionate results; 
Pı indicates that the curve was com- 
puted using J; as a measure of feed- 
back information, while Pa indicated 
that I was used. Curves labeled “N” 
are based on a noise-free condition. 

In general it can be observed that 
the use of I; provides better predic- 
tions for the conditions with four 
response alternatives while predictions 
based upon the J; values are superior 
for the eight-response alternative con- 
ditions. This is generally borne out 


by the normalized deviation areas 
presented in Table 2, where the 
normalized deviation areas involving 
Ts are included in parentheses. 

The percentage error between the 
proportionality prediction and the 
obtained results for the alternating 
conditions was 7.3, for the four- and 
eight-alternative response conditions 
combined. For Cond. Q and H, this 


TABLE 2 
NORMALIZED DEVIATION AREAS FOR 
Exp, II 

Noise 4-Alternative 8-Alternative 
Distribution Conditions Conditions 
Alternating 2.14 76 
Random, 1.51 2.39 
Randoms 4,42 3.52 
Quarterly 4.53 (1.99)® 3.14 (7.58) 
Halves 3.44 (.85) 4.50 (7.85) 


2 The values in parentheses represent the normalized 
deviation areas when J: values are used as the standard 
instead of Jı values. 
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Fic. 5. Amplitude of MaxAR, and the 
relation between the block after which it 
occurs and the J value of the feedback 
information for Exp. II. 


same error was usually greater. For 
the four-alternative response condi- 
tions, when J; values were used, the 
percentage error between predictions 
of proportionate decrease and the 
obtained results was 15.3 for Cond. 
Q and 16.4 for Cond. H; when J» val- 
ues were used the same errors were 
7.1% and 4.7%, respectively. The 
corresponding values for the eight- 
alternative response conditions for 
Cond. Q and H, in the same order as 
above, were 17.3, 36.4, 34.3, and 
95.3%. 

Shape of the learning curve-—The 
relationship between the place of 
occurrence and value of MaxAR is 
presented in Fig. 5 with J, values 
used to describe feedback information. 
The organization of this figure is 
identical to that of Fig. 2. The fol- 
lowing probabilities were obtained in 
analyzing the data described in Fig. 


1 
Ppiag. < F < .001 


The results concerning the location 
of MaxAR in the learning sequence 
are essentially the same as in Exp. I. 
As I values decrease, MaxAR tends 
to occur later in the learning sequence. 
Thus, here also the shape of the per- 
formance curves vary with the 7 
values. 

The relationship between the J 
values and the value of MaxAR was 
also analyzed by tau. When J, values 
were used the correlation was .515; 
for I, values, the correlation fell to 
DLS 


EXPERIMENT III 


The results from the immediately 
preceding experiment indicated that 
when the sequential pattern of noise 
deviated from a random pattern, 
the relationship between initial learn- 
ing rate and the T values of the feed- 
back was affected. In general less 
proportionality was evident. Experi- 
ment III is an investigation of the 
effects of various nonrectangular ran- 
dom distributions of noise lamp posi- 
tions. It examines the prediction 
that the inverse proportionality be- 
tween initial learning rate and amount 
of noise will be invariant over varia- 
tions in the proportion of times a 
noise lamp is associated with a single 
position. In Exp. II the temporal 
distribution over trials of the noise 
lamps was altered; in Exp. III the 
spatial distribution of noise lamps 
is varied. 


Method 


Conditions.—This experiment consisted of 
15 conditions, 2 of which were free of noise. 
The following are the conditions and their 
I values: 


1. (12, 0, 0, 0), 7 = 2.00 
2. (12, 0, 0, 0, 0, 0, 0, 0), Z = 3.00 
3. (12, 4, 4, 4), I = .86 
4. (12, 4, 4, 4, 0, 0, 0, 0), Z = 1.29 
5. (12, 2, 2, 2, 2, 2, 2, 0), I = 1.36 
6. (12, 6, 6, 0), I = .67 
7. (12, 6, 6, 0, 0, 0, 0, 0), Z = 1.00 
8. (12, 6, 3, 3), I = .75 
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(a) 


Fic. 6. 


(b) (c) 


Proportionate and observed response to the reduction in feedback information 


for the first three blocks of trials for those conditions of Exp. III for which the differences 
between the proportionate and observed were least, (Part a contains four-alternative condi- 
tions, while Parts b and c contain eight-alternative conditions.) 


9. (12, 6, 3, 3, 0, 0, 0, 0), Z = 1.12 
10. (12, 6, 1, 1, 1,1, 1, 1), 7 = 1.20 
11. (12, 8, 4, 0), I = .58 

12. (12, 8, 4, 0, 0, 0, 0, 0, 0), Z = .87 
13. (12, 8, 2, 2), Z = .59 

14. (12, 8, 2, 2, 0, 0, 0, 0), Z = .88 
15. (12, 8, 1, 1, 1, 1, 0, 0), Z = .90 


To refer to conditions briefly, a shortened 
notation listing only noise lights will be used, 
eg., 4-4-4 or 8-1-1-1-1. Conditions with 
nearly rectangular distributions of noise lights 
such as (12, 2, 2, 2, 2, 2, 2, 0) will be abbre- 
viated further, e.g., 2-...-2. A “0” will 
be used to refer to condition with no noise. 

Subjects and stimuli—Ten Ss served in each 
condition. One of these Ss was a replacement 
for an S who apparently failed to understand 
the instructions. The same criteria for rejec- 
tion were used asin Exp. I. The eight stimuli 
were the same as those used in Exp. Il. 


Results 

Initial rate of learning.—In Fig. 6 
are presented the curves for those 
six noise conditions which had the 
smallest normalized deviation areas 
and the two noise free conditions. 
Part a gives results for conditions 
with four response alternatives; Parts 


b and c for those with eight response 
alternatives. The normalized devia- 
tion areas for these conditions are 
given in Table 3. The average per- 
centage error in the prediction of 
proportionality for these six conditions 
is 10.6. It can be observed that the 
normalized deviation areas were small- 
est when the noise was either dis- 
tributed rectangularly or when the 
noise was heavily concentrated on a 
single position. 


TABLE 3 
NORMALIZED DEVIATION AREAS FOR 
Exp. II 
Noise. 4-Alternative 8-Alternative 
Distributions Conditions Conditions 
2-2-2-2-2-2 = 2,458 
4-4-4 1.39% 2.50" 
6-1-1-1-1-1-1 =; 3.33 
6-3-3 3.24 6.33 
6-6 4.42 3.52 
8-1-1-1-1 ae 2.87 
8-2-2 5.51 1.708 
8-4 2.34% 1.45° 


= These conditions are presented in Fig. 6. 
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Fic. 7. Proportion of correct responses 
above chance level as predicted in the basis 
of proportionality and as observed for the 
conditions of Exp. III for the average of the 
first three blocks of trials. (Four-alternative 
conditions are symbolized by having data 
points included in circles while triangles are 
used for eight-alternative conditions.) 


In Fig. 7 are presented the average 
predicted and average observed pro- 
portion of correct responses above 
chance level for the first three blocks 
of trials. To obtain these graphs, 
the proportion of correct responses 
which could be expected if S were 
responding randomly (chance level) 
was subtracted from the proportion 
of correct responses for each of the 
first three blocks of trials. This gave 
the proportion of correct responses 
above chance level for each block 
of trials. These results were then 
averaged over the first three blocks 
of trials. The points on the abscissa 
in Fig. 7 represent conditions. The 
conditions were arranged so that the 
predicted proportionate response val- 
ues would always have a negative 
slope. 

In the upper two graphs of Fig. 7 
it can be seen that when the number 
of positions a noise lamp can occupy 
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is kept constant, the slope of the 
observed results agrees in general 
with the predicted negative slopes. 
When, as in the bottom two graphs 
in Fig. 7, the number of positions a 
noise lamp can occupy is not kept 
constant, there are some marked re- 
versals in slope, especially in the 
condition in which one incorrect alter- 
native is reinforced exactly 50% 
of the time. 

The normalized deviation areas 
for the points on the graph in Fig. 7 
are presented in Table 3. The aver- 
age percentage deviation of the ob- 
tained from the predicted results for 
all 13 noise conditions is 15.9. 

Shape of the learning curve-—No 
graph for the MaxAR values is pre- 
sented because of the difficulty of 
presenting 15 conditions clearly. The 
results concerning the location of 
MaxAR in the learning sequence are 
essentially the same as those in 
Exp. I and II: 


1 
Pia < ao < .001 
The tau correlation between Z values 
and values of MaxAR was .543. 


Discussion 


The most important conclusion to be 
drawn from these experiments is that it 
is possible to use a measure of feedback 
information not based on performance 
which permits fairly accurate predictions 
of initial performance on a learning task 
from a knowledge of only (a) perform- 
ance in the task with no reduction in 
feedback information and (b) the amount 
by which the feedback information is re- 
duced. Such predictions are not always 
very good, and indeed at times may be 
quite poor, buton the average they offeran 
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initially acceptable basis for making 
quantitative predictions. 

The second important conclusion is 
that the value of the feedback informa- 
tion affects that point at which per- 
formance shows its maximum increase 
in correct responses. Thus, there clearly 
seems to be some relationship between 
the value of the feedback information 
and the shape of the averaged learning 
curve. 

While the preceding are the two 
principle conclusions of this set of experi- 
ments, there are several other findings 
which deserve mention. The first is more 
of a qualification than a finding. Since 
predictions of initial performance were 
independent of number of alternatives, 
the important part of the calculation in 
the prediction rested upon the expected 
number of trials required to identify the 
correct alternative for a given stimulus. 
Thus, the information measures used 
in making predictions for a fixed number 
of alternatives were directly dependent 
upon the expected number of trials over 
which information had to be retained. 

Secondly the proportionality predic- 
tion lead to different errors in the case 
of four-alternative and eight-alternative 
conditions. In almost all cases, predict- 
ing a proportionate reduction for the 
eight-alternative conditions resulted in 
underestimating the obtained results. 
In many of the four-alternative condi- 
tions, a decrease in performance propor- 
tionate to the decrease in information 
fed back following a response would 
result in an overestimate of the obtained 
results. Thus, it is possible that the 
proportionate predictions might have 
been best for conditions employing ap- 
proximately six alternative responses. 
Certainly, in the further developments 
of any model, the number of alternative 
responses must be considered as an 
important variable affecting the perform- 
ance results of the reduced information. 

With regard to these differences be- 
tween four- and eight-alternative condi- 
tions it is also interesting to note the 
relative accuracy of the predictions based 
upon two different types of information 
measures in Exp. II. There were two 
conditions, Q and H, for which the Ii 


and J: values gave different predictions. 
For the four-alternative conditions, Ia 
gave better predictions than the J; values 
and conversely for the eight-alternative 
conditions, (Table 2, Fig. 3). The 
predictions based on J, values essentially 
placed stress on changes in noise lamp 
position. If the noise is more confusing 
when there are fewer alternatives avail- 
able, it is possible then that changes in 
the noise lamp position assume a greater 
significance. 

The greater difficulty experienced by 
Ss in the four-alternative conditions 
cannot be related entirely to the fact 
that in some conditions there were fewer 
positions the noise lamp could assume. 
Were this true, it could have been argued 
that the noise lamps created greater 
generalization between alternatives by 
appearing in the same position more 
often. In Exp. III the number of posi- 
tions the noise lamp could assume and 
the number of times it assumed each of 
these positions were controlled so that 
any generalization which occurred be- 
tween lamps should have been equal for 
both the four- and eight-alternative con- 
ditions. Yet, as was observed in Table 
3, even under these conditions, Ss in 
the four-alternative conditions found the 
learning to be more difficult. There are 
two possible explanations. The first is 
that the simple availability of more 
positions the noise lamp could assume in 
the eight-alternative conditions, even 
though it never assumed more positions 
than in the four-alternative conditions, 
made their discrimination simpler. The 
other is that the need for S to associate 
two switches with each stimulus in the 
four-alternative conditions made the 
noise more effective in interfering with 
learning in these conditions. 

There were also, on the other hand, 
certain similarities between the effects 
of the noise on performance for both 
four- and eight-alternative conditions. 
The most noticeable one is the U-shaped 
function which appears in Table 3. A 
prediction of proportionality was best 
when the distribution of the place of 
occurrence of the noise was either very 
close to a rectangular distribution, or 
highly concentrated in a single position. 
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The differences found between Cond. 
Random, and Randomgin Exp. II may be 
partly accounted for in this way. Such a 
U-shaped function seems reasonable 
because an even distribution of the place 
of occurrence of a noise lamp makes the 
constant lamp more discriminable, while 
a concentration on a single position 
increases the discriminability of that 
single incorrect position for the remainder 
of the incorrect positions. This is in 
accord with Morin’s (1955) finding that 
although awareness of misinformative 
feedback increased persistence in specific 
incorrect modes of response it also 
increased learning rate. 

In these experiments again, a rein- 
forcement of 50% produced some devia- 
tions from what could be described as the 
“overall pattern.” In Exp. III, the 
largest deviations from proportionality 
occurred when one incorrect response 
was reinforced exactly 50% of the time. 
When only one alternative was reinforced 
exactly 50% of the time, there was always, 
for both the four- and eight-alternative 
conditions, less than proportionate use 
made of the feedback information. 
Reinforcing an incorrect alternative 50% 
of the time apparently attracted more 
Tesponses away from the constant lamp 
than did, for example, a reinforcement 
of an incorrect alternative 66.7% of the 
time. (This may account in part for 
the previously described U-shaped func- 
tion.) A similar result occurred in a 
study of the effects of increments of 
reinforcement (Shelly, 1960). There it 
was shown that the greatest decrease 
in responding to an alternative which 
was reinforced 75% of the time occurred 
when the probability of reinforcement 
on another alternative reached 50%. 


SUMMARY 


_ Three experiments are reported, each 
aimed at providing a partial answer to the 
following two questions: (a) When the infor- 
mation fed back to $ concerning which of 
four (or eight) alternatives is correct, is re- 
duced, is the initial rate of learning reduced 
proportionately? (b) Will the point at which 
maximum increase in proportion of correct 
responses takes place vary with the amount 
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of information available to S, i.e., will the 
“shape” of the learning curve vary with 
amount of information fed back? 

Three experiments, based upon a paired- 
associate paradigm, were conducted. Experi- 
ment I varied the amount of information, or 
conversely the amount of noise, in the feed- 
back given S through variations in the num- 
ber of “noisy events” which could follow a 
response; Exp II varied the sequential pattern 
of the noise; and Exp. III varied the distribu- 
tion of the noisy events over the set of 
available incorrect alternatives. 

The conclusions were that a prediction 
that noise reduces initial learning rate pro- 
portionately to the amount of noise can serve 
as a first approximation, and that there are 
differences between conditions in the point 
at which the maximum increase in proportion — 
of correct responses occurs. The prediction 
of proportionality in initial learning rate was 
most accurate when there was a single noise 
lamp which was distributed evenly over the 
set of incorrect alternative pésitions, or when 
the noise lamp appeared very often in a single 
position. Consistent differences were noted 
between the effects of the noise in four- and 
eight-alternative conditions. It was more 
effective in depressing performance in the 
four-alternative conditions. For the range 
of conditions used, the following was generally 
found concerning variations in the point of 
maximal increase in correct responses: When 
such points of maximal increase were com- 
pared with feedback information, the rela- 
tionship was quite close to linear. 
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This paper reports four experiments 
which were performed to determine 
how well photographs would serve 
as the distal stimuli for motor re- 
sponses, e.g., tossing of balls to abso- 
lute distances as presented monocu- 
larly in the space immediately ad- 
jacent to S. The experiments are 
intended to provide an inductive base 
for an important but neglected class of 
perceptual problems: The determina- 
tion of conditions of observation and 
visual stimuli which are conjointly 
necessary and/or sufficient for per- 
ceptions of absolute distances in the 
everyday world of S. Present theories 
(Gibson, 1950; Hebb, 1949; Ittelson, 
1961; Koffka, 1935; Ogle, 1950) 
simply ignore this class of problems 
and in so doing they ignore problems 
of direct relevance to the everyday 
life of S. This unfortunate fact can 
be attributed to three causes. 


The first is the general failure of 
theorists to regard S’s motor functions 
as determinants of many of the units 
by which S perceives nearby absolute 
distances in his everyday life. The 
assumption which we make here (for 
which there is abundant evidence) is 
that the space which is of greatest im- 
portance to the mobile S on a ground 
surface is the space of his immediate 
environment. It is in this space that 
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S walks, jumps, and finds his daily 
bread. It is in this space that the most 
common instances of perceptions of 
absolute distances take place. Most of 
these perceptions involve motor acts. 
For instance, a puddle is perceived as too 
large to step across; a ditch is perceived 
as too broad to jump; a vacant bit of 
curbing is seen as too short in which 
to park a car. 

The units of perceived absolute dis- 
tance vary according to the motor acts 
by which S copes with his immediate 
spatial environment. The units are 
standard only in nomenclature. They 
are highly specific to each S; they vary 
within Ss over time; they differ from S 
to S at any given moment. Yet, these 
are the units of perceived absolute dis- 
tance which are most practiced in every- 
day life and most necessary for self- 
preservation. The units do not lend 
themselves readily to study, particularly 
under conditions permitting E the option 
of controlling the conditions of observa- 
tion as well as selecting and varying the 
visual stimuli for responses. This diffi- 
culty alone may be the sufficient expla- 
nation for the general neglect of theory 
and research in this area. 

A second cause for the failure of theory 
to account for absolute judgments is 
that light to the eye has been most 
frequently taken as the independent 
variable of visual perception (see Zajac, 
1959, who would restrict visual percep- 
tion to the study of perceptions which 
can be accounted for by ocular functions 
alone). Let us emphasize here that all 
other things equal, S’s posture and the 
position of his eye in space over time 
control the geometrical perspectivities 
of light which can appear on the retina 
in one-to-one correspondence with the 
distal stimuli of everyday life. The 
light entering the eye of S is dependent, 
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then, upon the independent variables 
of S’s posture and motion in space 
(assuming that the S’s head is rarely 
static in everyday life). The S that is 
supported by a ground surface is usually 
aware of his absolute changes in spatial 
position independently of vision or con- 
comitantly with the visual stimuli which 
confirm this change in position. Visual 
perception as studied traditionally, how- 
ever, takes the visual stimuli as the 
independent variables. In order for the 
theory of visual space perception to be 
optimally relevant to the perceived 
absolute distances which are crucial for 
everyday life, theory must take into 
account the joint changes in S’s position 
in space along with the dependent 
changes in his visual stimuli, 

A third cause has been the absence of 
any suitable apparatus permitting: (a) 
the selection, control, and variation of 
visual stimuli in conjunction with the 
postures which are customary (or nearly 
so) for the distances to be viewed; (b) 
postures appropriate to these distances. 
For example, the apparatus for exposing 
the visual stimuli for the space near the 
feet of S should require an appropriate 
tilt of S's head for the purpose of aiming 
his eye at something that he sees, 

The apparatus for satisfying these 
conditions for binocular vision in the 
mobile S might be difficult to achieve, 
A simple and inexpensive apparatus for 
monocular and static views, however, 
seemed possible. The research on photo- 
graphically portrayed Spaces suggested 
the use of suitably mounted photographs 
as the distal stimuli for motor responses 
corresponding to perceived absolute dis- 
tances in the portrayed spaces. Monocu- 
larly viewed Photographs would also 
permit (a) the study of visual direction 
as a stimulus for perceived absolute 
distances, and (b) the assessment of 
Perceptions of absolute distances that 
are independent of the cues of accom- 
modation and convergence. These latter 
cues could only carry information about 
the optical distances of the photographs, 
not of the portrayed distances; any 
effects attributable to accommodation 
and convergence would be interference 
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effects. A test of the effectiveness of 
such an apparatus for motor responses 
to distances perceived under “optimal” 
visual stimulation in photographs would 
serve as a criterion for evaluating the 
extent to which other combinations 
of stimuli would be sufficient for perceived 
absolute distances. 

Schlosberg (1941) demonstrated that 
photographs can induce compelling and 
highly realistic impressions of depth 
when S’s monocular field of view is 
restricted to a photograph. The height- 
ened realism of this effect is probably due 
to the fact that when S's field of monocu- 
lar view is not restricted to the photo- 
graph, S perceives two spaces, the space 
portrayed in the photograph and the 
three-dimensional space immediately ad- 
jacent to S of which the photograph as 
an object is only a part. Under the 
normal conditions in which photographs 
are viewed, the two spaces, that is, the 
portrayed space and the space of S, are 
incompatible. Restriction of the field 
removes this incompatibility. 

Photographs can also subtend to the 
eye visual angles which closely approxi- 
mate those subtended by the objects 
themselves to the lens of the camera 
(Henney & Dudley, 1951, pp. 104-106). 
Gibson (1954) assumed that if photo- 
graphs were viewed appropriately, the 
resultant perceptions of distance should 
be equivalent to those induced by the 
original scenes. This assumption was 
tested and found tenable (but subject 
to constant errors) by Smith and Gruber 
(1958) who compared directly the dis- 
tances perceived in a still photograph 
with those perceived in the original 
space. We therefore assumed that when 
other factors were held constant, photo- 
graphs of targets in the space immedi- 
ately adjacent to S could be substituted 
for direct views of the targets themselves. 

The distance to which a ball is tossed 
ata photographically portrayed target 
is an excellent distance response with 
which to undertake the investigation 
of this neglected area since (a) the extent 
of the toss is an absolute measure of the 
distance response, (b) most male adult 
Ss are well practiced_in making this 
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response to nearby targets in their 
immediate environment, (c) the response 
can be made to the different distances of 
S’s immediate environment, and (d) the 
response can be made under restricted 
as well as unrestricted conditions of 
viewing. 

The use of photographs, however, as 
the distal stimuli for targets of tossed 
balls involves variables in addition to 
those of perceived distances. For in- 
stance, the degree of restriction of S's 
monocular field of view is important in 
that a sufficiently large field of view 
can induce the impression of a space 
which is immediately adjacent to S’s 
person (Smith, 1958). Conversely, a 
minute field of view can create the im- 
pression that the viewed scene is de- 
tached and not a part of S’s immediate 
environment. Consequently, three dif- 
ferent sizes of field of view were studied. 

Another variable is the visual direc- 
tion of a target. Bailey (1954) demon- 
strated that the visual direction of an 
elevated target can be given in percep- 
tion by a single point of light in an 
otherwise dark environment. Hence, 
the traditional cues for depth and dis- 
tance of a target relative to S are not 
necessary for establishing its direction. 
A different case is that of the visual 
direction of a target resting on a ground 
surface that is the basis of S's support. 
In this instance, the absolute distance of 
the target from S is also a determinant 
of the visual direction of the target. 
Photographs displayed so as to cause S 
to tilt his head also establish for him 
the visual direction of the target as 
portrayed on a ground surface common 
to S and the target. Are the conditions 
of establishing the visual direction of 
targets in photographs sufficient for the 
perception of the absolute distances of 
the targets? This question was there- 
fore investigated both as a control for 
the picture experiment and as a problem 
in its own right. 


EXPERIMENT I 


This experiment investigates the 
effects of introduction of three sizes 
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Fic. 1. Diagram of room of the experiments, 
(Dots indicate the target positions.) 


of apertures in a monocular field of 
view on the accuracy of tosses of balls 
at directly viewed targets. 


Method 


The experimental room was 36 X 30 ft., 
and illuminated by fluorescent tubes in 
industrial fixtures. The floor was made of 
concrete blocks 5 ft. square and was dusted 
lightly to make clearly visible the point of 
impact of the tossed balls. There were 
25 target locations at five distances: 3, 4.25, 
5.5, 6.75, and 8 meters from a point di- 
rectly under the eye of the viewing appa- 
ratus. These will be called Distances 1 
through 5, respectively (see Fig. 1), For 
each of the distances, five stations were 
located at different angles from the viewing 
position. A flat yellow target, 8 in. in diam- 
eter, was placed on the station specified for 
each trial. 

When S entered the room (see Fig. 1) he 
saw only a curtain of black cloth and an eye 
piece which extended through a slit in the 
cloth. Behind the cloth was a rectangular 
wooden stand which was 72 in. long, 45 in. 
high, and 12 in. broad. The stand was 
located approximately parallel to and in the 
middle of the distance allocated to the curtain 
in Fig. 1. In the middle of the top plank of 
the stand was mounted the head of a tripod. 
The head of this tripod could be swivelled 
in either or both the horizontal and the 
vertical and locked into position. To this 
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head was attached a rectangular funnel which 
was jet black on the inside. This funnel 
tapered from 2 in. X 1%} in. at the mount 
for the eye piece to a plane which was 18.5 in, 
wide X 15.5 in. high. From S's side of the 
apparatus he saw only the first inch or two 
of the protruding end of the viewer through a 
curtain. Rectangular slides determined the 
three sizes of field of view, which in terms of 
visual angles for the small, medium, and large 
apertures were 7°12’ X 5°12’, 24°7' X 17°54’, 
and 41°7’ X 30°38’, respectively. The slides 
in a slide holder were 20.8 in. from the eye. 

Below and to the right of the funnel the 
curtain could be opened and closed, and 
through this opening S made his tosses. ¿For 
the monocular and binocular unrestricted 
series the rectangular stand was moved 20 
in. to the left. The curtain to the right of 
the funnel could be opened and closed and 
through this opening S could view the targets 
with unrestricted head motion for controlled 
periods of time. As before, he tossed his 
balls through a controlled opening on the 
lower side. A regulation soft ball weighing 
6} oz. was used. The target was centered in 

- the field of the viewing apparatus for all 
aperture trials. The Ss did not observe this 
process. 

The Ss for Exp. I were 50 inductees from 
Sampson AFB, New York. Each was given 
practice and instruction in tossing a ball at a 
target underhanded, in a space different from 
that of the experiment. He was made famil- 
iar with positioning his eye at the eye piece, 
and was given practice in tossing as hard 
as he could, as well as gently, through the 
opening in the stand without viewing a target 
for his tosses while his eye was in position at 
the eye piece. Some practice in tossing was 
necessary so as to insure that S would release 
the ball before the upsweep of his hand 
reached the top plank of the stand on which 


TABLE 1 
ANALYsIs oF VARIANCE, Exp, I 


Source of Variation df MS F 
Condition of 

viewing (C) 4 916.37) 2.77 
Distance (D) 4 |11,300.97| 72.48 
Ss 49 | 2,499.38] 55.86 
CX Ss 196 331.29] 7.40* 
D X Ss 196 155.92] 3.48* 
CXD 16 169.79| 3.79* 
CXDX Ss 784 44.74 
Total 1249 


the tripod was mounted. He was practiced 
in closing his eyes when the ball left his hand, 
To insure the absence of visual knowledge 
of results of his throws, E barred S's field of 
view with a flag as soon as S tossed a ball. 
No verbal information was ever given S 
regarding the accuracy of his tosses, A 
count-down system was used to insure nearly 
equal times of exposure of all targets for all 
views through the viewing apparatus as well 
as during monocular and binocular unre- 
stricted views. The S was instructed to toss 
at the count of four. Some head motion 
parallax was possible under all conditions 
during the short period in which the targets 
were viewed. 

All Ss made one toss at one of the five 
target locations at each of the five distances 
for small, medium, and large apertures as well 
as for monocular and binocular unrestricted 
views in that order, The order of distance 
and location of target for any one viewing 
condition was randomized for each S. The 
only restriction was that all five distances 
were presented under each viewing condition. 
One E instructed S, adjusted the viewer, and 
operated the flag while two Es retrieved the 
balls, measured the distances tossed, re- 
corded, and positioned targets. At no time 
did S see the Es beyond the viewing stand, 
or the room, between throws during the re- 
stricted series, 

The zero point from which measurements 
of distance originated was a point directly 
beneath the eyepiece of the funnel. When 
the stand was displaced 20 in. to the left 
for the unrestricted series, the origin of 
measurement was not displaced. Lateral 
errors of tosses were not measured since 
in preliminary trials these were a function 
of the distance of the targets and exhibited a 
narrow range of dispersion when compared 
with the dispersion of the tosses in distance. 


Results 


All Ss were able to toss the ball at 
the targets. Under aperture condi- 
tions 23 Ss hit one or more targets 
for a total of 37 hits, A number of 
Ss inquired about the (nonexistent) 
lens system or glass in the viewing 
apparatus. 

The distance of the point of impact 
of the ball on the floor was converted 
to a percentage of the target distance. 
These numbers were subjected to an 
analysis of variance which is sum- 
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TABLE 2 


MEANS AND SDs OF PERCENTAGES OF TARGET DISTANCE THROWN FOR VIEWING 
CONDITIONS OF THE FOUR EXPERIMENTS 


Conditions of Viewing Apertures 


Unrestricted Conditions 


Exp. Small Medium Large Combined Monocular Binocular 

Mean SD Mean SD Mean SD Mean | SD Mean SD Mean SD 

I 100.1 | 12.8 | 99.5] 15.1 | 99.8) 13.1 | 99.8] 12.0 | 96.1] 10,1 | 96.6 | 9.0 

II 94.4) 9.7 | 96.3} 9.2 | 102.4] 10.7 | 97.7) 9.1 | 92.4] 86 | 91.7 | 6.7 

IIL 103.0 | 23.3 | 104.2] 25.4 | 106.1} 26.8 | 104.4] 22.9 | 101.1) 9.7 | 97.3 | 7.4 
IV 87,2| 21.4 | 86.7] 27.8 | 85.5] 24.8 | 86.4] 23.4 


marized in Table 1. The second order 
interactions were all significant at the 
1% level. The means of all distances 
for the small, medium, and large 
aperture conditions are nearly the 
same and are larger than those for 
the two unrestricted conditions (see 
Table 2). According to a method of 
analysis suggested by Tukey (1949) 
for the determination of sources of 
variation when certain treatments are 
known to be different as a class from 
certain other treatments, most of the 
variation associated with conditions 
of viewing is attributable to the 
difference between aperture and non- 
aperture conditions (see Table 3). 
Target distance was a major source 
of variance despite the conversion of 
raw scores into percentage of target 
distance. In order to determine which 


of the means were significantly dif- 
ferent from the overall mean for 
distances, Tukey’s (1949) method was 
used for breaking up treatments into 
groups where there is no a priori basis 
for grouping and where an analysis 
of variance shows that not all treat- 
ments are alike. By this analysis the 
mean for Distance 5 is the only one 
which is significantly different from 
the overall mean. The far target 
may have been consistently undershot 
because it was the end point of the 
series. 


Discussion 


Restricting the field of view of naive 
Ss to the surround of their targets had 
the overall effect of causing them to 
throw harder (as if the targets appeared 
more distant) than when views of the 


TABLE 3 


MEANS AND SDs OF PERCENTAGES OF TARGET DISTANCE THROWN OVER ALL 
APERTURES IN THE Four EXPERIMENTS 


Distance of Target in Meters 


Total 
stat 3 4.25 5.50 6.75 8.0 
Mean | SD | Mean} SD | Mean| SD | Mean| SD | Mean| SD | Mean} SD 
I 107.0 | 15.8 | 105.7 | 14.6 | 101.0] 14.5 | 95,6 | 12.7 | 89.8 | 12.4 | 99.8] 12.0 
Il 103.9| 13.2 | 103.6] 8.9 | 99.2] 10.7 | 92.3 | 10.9 | 89.4 | 9.0 | 97.7] 9.0 
Ill 114.2 | 15.2 | 109.5] 19.6 | 104.9] 14.7 | 99.6 | 14.4 | 93.9 | 10.5 | 104.4) 22.9 
29.7 | 79.0 | 21.6 | 70.7 | 16.4 | 86.4) 23.4 


92.9 | 22.6 | 87.8 
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targets were not restricted. Had Ss 
been permitted to view the points of 
impact of their tosses and to correct 
for errors it seems very likely that the 
difference would have been eliminated. 

The Conditions X Distance interac- 
tion was predicted in advance of the 
experiment since use of the motor re- 
sponse as a criterion for perceived 
absolute distance as well as the restric- 
tion of the fields of view introduced 
unavoidable interactions. For instance, 
when the angular extent of a restricted 
field of view is held constant for views 
of targets at different distances, the 
visible distances on the ground of the 
target areas vary with the distance of 
the target. The ratio of the distance 
viewed within a target area to the dis- 
tance separating S and the nearest 
visible portion of a target area decreases 
and then increases as a function of the 
distance of the target (assuming a level 
ground common to S and target). 

The motor function of positioning the 
head for inspecting a target should have 
its greatest cue value for distance for 
the target nearest to S since the greatest 
inclination of the head is required. Also, 
for any one field of view the ratio of the 
distance of surface viewed in the target 
area to the distance separating S and 
the nearest visible point of the target 
area is greatest at near position. And, 
lastly, in the absence of knowledge of 
errors of response, the distances to which 

` balls are tossed should decrease with an 
increase in target distance beyond a 
neutral point. These comments only 
serve to indicate that all other factors 
do not remain constant when the distance 
of targets is increased. 


EXPERIMENT II 


This experiment was performed 
to determine whether the order of 
observations in Exp. I had a significant 
effect. 


Method 


_ The serial order of conditions of observa- 
tion was reversed from those of Exp. I; i.e., 
the first condition of tossing was with un- 
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restricted*binocular views which gave 5S a 
complete view of the area in which the targets 
were spotted at different locations and dis- 
tances. Instructions and practice were essen- 
tially the same for the two experiments. The 
Ss were 16 inductees from Sampson Air 
Force Base. 


Results and Discussion 


Twelve of 16 Ss made a total of 
19 target hits in Exp. II under aper- 
ture conditions as compared with only 
23 of 50 Ss who scored a total of 37 
hits in Exp. I. This difference in 
target hits might be attributed to 
either or both of two causes. The 
first is that the additional information 
gained from the binocular and monoc- 
ular views carried over to performance 
under aperture conditions. ‘The sec- 
ond interpretation that Ss of this 
experiment were, as a group, more 
accurate ball tossers than those of 
Exp. I, is not tenable since neither 
the means nor variances for monocular 
unrestricted views of the two experi- 
were significantly different. The first 
possibility remains tenable. 

The directions of the overall differ- 
ences between aperture and unre- 
stricted views are the same in the two 
experiments. An effect attributable 
to serial order between means of the 
small and larger apertures was sig- 
nificant by ¢ test (P < -01). Effects 
of target distance are also parallel 
to those of Exp. I (see Tables 2 and 3). 


EXPERIMENT III 


This experiment repeated Exp. I 
with the exception that Ss observed 
photographs in the viewing apparatus 
instead of the room itself. The pur- 
pose of this experiment was to com- 
pare the accuracy of responses to 
photographs with those of the criterion 
group in Exp. I. 


Method 


Photographs were made of all targets as 
viewed under the large aperture condition of 
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Exp. I. The lens of the camera, a Graphic 
View II, was placed at the eye position of S 
in the viewing apparatus. The film was 
panchromatic X; the prints were on K-2 
paper; and the lens a 152 mm. Ektar. Uni- 
form conditions were maintained in develop- 
ing and printing. The prints were achromatic 
with the exception of the target which was 
tinted a yellow to match the color of the origi- 
nal target. This permitted easy identifica- 
tion of the targets and use of instructions 
nearly identical to those of Exp. I. There was 
no attempt to achieve high verisimilitude, 
but rather accuracy of angular relationships 
between print and scene, and comparability 
of conditions of viewing and instruction. 

Each print was bound between two glass 
plates. When a slide was inserted in the 
slide holder of the viewing apparatus, the 
angles subtended to the eye of S by objects 
in the photograph corresponded exactly to 
the angles subtended by the original objects. 
The slides were backlighted by the ordinary 
room illumination. This backlighting caused 
the photographs to be darker than the real 
scene. The high contrast between the level 
of brightness of the picture and the black 
walls of the viewing apparatus compensated 
perceptually for the lower brightness level 
of the pictures. The viewing apparatus was 
adjusted for direction and elevation so that 
it was centered on each target before the 
picture of that target was inserted. The Ss 
did not witness this positioning of the viewing 
apparatus. 

The Ss were 30 inductees from Sampson 
Air Force Base, The instructions for this 
experiment are those of Exp. I, with the 
exception that after each S had completed 
all of his tosses he was shown the slides in their 
rack and was asked if he recognized them. 
He was also asked if there was anything 
unusual about what he had seen through 
the viewing apparatus. 


Results and Discussion 


No S reported that he had seen 
photographs in the viewing apparatus, 
or noted any unusual quality of what 
he had seen, even its achromatic 
nature. In this respect, the photo- 
graphs were unexpectedly successful 
as surrogates for the room and its 
targets. All Ss recognized that the 
slides were pictures of the room, with- 
out understanding the mode of their 
use. 


Their accuracy was also surprisingly 
good. Thirteen Ss made a total of 14 
target hits while viewing photographs. 
The variance of the combined aper- 
ture responses to pictures was sig- 
nificantly greater (P < .01) than the 
corresponding variance of Exp. I. 
This difference in variance could 
account for the proportionately fewer 
hits made by the picture group than 
by the groups of Exp. I and II. 

The mean for each of the three 
apertures in which the pictures were 
viewed is higher than the correspond- 
ing mean of Exp. I. The mean and 
variance of the monocular unrestricted 
responses are assumed to be valid 
measures for assessing “basic” differ- 
ences in ability between the groups of 
Exp. I and II] independently of 
responses under aperture conditions. 
The variance of the two groups did 
not differ significantly, but their 
means did differ (P < .05). There- 
fore, the means of the responses to 
pictures should be corrected by the 
amount of the difference between the 
means of the monocular unrestricted 
responses before the means of the 
responses to pictures can be validly 
compared with responses to direct 
views of the targets under aperture 
conditions. The subtraction of five 
percentage points from the mean for 
responses to photographs nearly elim- 
inates the differences between aper- 
ture means for Exp. | and II. There- 
fore, the mean effects of photographs 
did not differ significantly from aper- 
ture effects or direct views of the 
targets. Direct views of the targets, 
however, did permit some monocular 
motion parallax which would have 
accounted for the significant reduction 
in variance. 


Motion parallax and binocular dis- 
parity were effectively eliminated as 
cues or stimuli for perceived depth and 
distance by the use of photographs. 
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Accommodation and convergence were 
made for the optical distance of the 
photographs. If functional, their effects 
would have been to decrease the magni- 
tude of the motor responses. The means 
(see Tables 2 and 3) provide no evidence 
for such effects. Motion parallax, binoc- 
ular disparity, accommodation, and con- 
vergence were eliminated as cues for the 
absolute distances involved in the motor 
responses. The SD for the monocular 
unrestricted condition was only slightly 
greater than for the binocular unre- 
stricted condition. This indicates that 
nearly all of the increase in accuracy in 
the unrestricted conditions is attributable 
to accommodation, convergence, and 
motion parallax in combination, and not 
to binocular disparity. 

The Ss of this experiment frequently 
reported that they did not feel sure of the 
results of their tosses. This feeling of 
uncertainty is undoubtedly due to the 
absence of the above four cues. 


EXPERIMENT IV 


This experiment determined whether 
the visual direction of a target on a 
surface which also supported S would 
serve as a stimulus for the distance 
of the target from S. The apparatus 
for the aperture and photograph ex- 
periments caused S to tilt his head 
as well as to adjust its left-right posi- 
tion. The distance to which a ball 
was tossed was again used as evidence 
of the effectiveness of the stimuli for 
distance. 


Method 


The same viewing apparatus, aperture 
conditions, targets, and target stations were 
used as in Exp, I, II, and III. Crosshairs 
were centered on a slide so that the position 
of the intersection of the crosshairs was in the 
center of the rectangular field of the viewing 
apparatus when the slide was inserted in the 
slide holder. A heavy sheet of white paper 
was mounted so that it could either cover 
the exterior opening of the viewing apparatus 
or reveal it. With this paper cover in place 
S could see only black crosshairs against a 
white field. Before each judgment by S, E 
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adjusted the viewing apparatus so that the 
crosshairs were centered on a target. As 
in the other experiments the order of distance 
tossed, as well as the selection of target at 
any one distance, was randomized for each S. 
The instructions were essentially the same 
as for Exp. I except that S was told that a 
straight line from his eye through the crosshairs 
would intercept his target on the floor. The 
S was permitted no views of the room in which 
were located the targets. No information 
was given S regarding the accuracy of any 
response. The Ss were 10 inductees from 
Sampson Air Force Base. 


Results and Discussion 


Some Ss had difficulty in tossing 
balls at the points where they esti- 
mated the targets to be. Only one 
target hit was scored. The means for 
percentages of target distance thrown 
decrease progressively with increases 
in distance of the targets. This holds 
for Exp. I, II, and III (see Table 3) 
as well, but the rate of decrease in 
Exp. IV was accelerated greatly. 
The mean for Distance 1 more closely 
matched those of Exp. I, II, and III. 
In Exp. I the aiming function of 
positioning the head was hypothesized 
to be most effective for the nearest 
distance since the greatest inclination 
of the head from the horizontal is 
required for inspecting a target at 
3 meters. The hypothesis remains 
tenable in terms of the obtained mean, 
but is false in terms of the SD which 
is largest at the near distance. The 
hypothesis requires further data for 
evidence of its tenability. 


The evidence of this experiment is 
that the aiming function of the head in 
establishing the visual direction of targets 
located at 3 to 8 meters is sufficiently 
informative to S (for both direction and 
distance) to account for a substantial 
Proportion of mean distance to which 
balls were tossed in Exp. I, II, and III. 
The range of distance responses was 
from 101.9% for the 3-meter target to 
70.7% for the 8-meter target. An in- 
crease in the distance of the targets 
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would probably have caused the mean 
percentage distance of response to shrink 
much. more. 

The positioning of the eye for inspect- 
ing a nearby target on the ground is a 
normal function of S's posture. This 
posture need not be exact since the 
vertical and horizontal motions of the 
eye that supplement postural adjustment 
complete the process of establishing the 
visual direction of the target. As the 
distance of ground targets passes through 
the space immediately adjacent to S 
the necessity for changes in the tilt of 
the head diminishes since relatively 
small vertical rotations of the eye can 
then scan, without strain to S, targets 
located as far away as the horizon. 
Theoretically, the informative value of 
visual direction as a stimulus for distance 
would rapidly become zero as the line 
of regard approached the horizontal. 

All of the SDs for this experiment were 
greater than the corresponding SDs 
for target distances in Exp. I, II, and 
III (see Table 3). Even though the 
responses to distances of the targets 
in this experiment were not due to 
chance, the SDs were large enough so 
that any statement about visual direction 
as a stimulus sufficient for everyday sur- 
vival behaviors of S would be exceedingly 
optimistic. 

The visual perceptions of distance 
required for motor responses to targets 
in the immediately adjacent space of S 
is clearly a complex process. Traditional 
studies of the perception of distance take 
into account only the depth cues or 
stimuli found in the light as projected on 
the retina. The principal finding of this 
experiment is that when all other factors 
are constant, the function of aiming the 
eye by causing the head to be positioned 
is a determinant of perceived distance 
(assuming a level ground common to 
both S and the nearby targets). 


DISCUSSION 


The effect of target distance was com- 
mon to the four experiments. The Ss 
undershot the far targets and overshot 
the near targets (3 meters), The mean 


effects over apertures of increasing target 
distance was a decrease in the mean 
percentage of target distance of the 
tossed balls. There were no reversals 
of the trend, which held also for the 
monocular and binocular unrestricted 
distance responses. The distances of the 
targets were all well within the physical 
capabilities of tossing of all Ss, as demon- 
strated in their familiarization trials 
with the apparatus. The most probable 
cause for the tendency to undershoot 
far targets was the absence of visual 
or verbal knowledge of results for a 
task which would probably improve in 
accuracy with formal training. 

Accommodation and convergence in 
the photographic series of Exp. III were 
made for the distance at which the 
photographs were presented while the 
concomitant perceptions were of the 
spaces and distances for which the 
photographs were surrogates. Accom- 
modation and convergence were neces- 
sary for the perceptions, but the latter 
were otherwise independent of these 
ocular functions. The spatial signifi- 
cance of the light dominated the percep- 
tions. A tenable inference is that ac- 
commodation and convergence are prob- 
ably of no effect as cues for the perceived 
depths and absolute distances over 
surfaces which are characteristic of 
everyday life. This does not mean that 
accommodation and convergence cannot 
be demonstrated to be sufficient for 
perceptions of depth relationships of 
small objects or points. The relevance 
of such demonstrations to the spatial 
perceptions of everyday life remains to 
be empirically determined. 

The only theory to which these data 
may be relevant is the S-R theory of 
Gibson (1950, 1954) who would account 
for perceptions of space and distance 
in terms of gradients of light in the 
optic array. Given the gradients of 
light as transmitted by the photographs 
in Exp. III, the Gibson theory would 
predict ‘‘veridical” perceptions of depth 
and distance. The data of these experi- 
ments indicate that Gibson’s theory is 
both adequate and inadequate depending 
upon the criteria which are used to 
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evaluate it. Perceptions of both depth 
and absolute distances were obtained 
in Exp. III, thus confirming Gibson's 
theory. On the other hand, the most 
important question is whether the theory 
is adequate to account for the visual 
perceptions of absolute distances in S’s 
immediate environment. At this point 
the answer must be no, since the SDs 
for the distance responses to the por- 
trayed targets are nearly twice those 
of the aperture conditions in Exp. I. 
It is, of course, possible that practice 
with verbal correction under the condi- 
tions of Exp. III and IV would cause 
the SDs of the distance responses to 
equal or be less than those of the aperture 
conditions of Exp. I. Granting this 
possibility it should be evident that the 
ultimate theory should be one which 
will account for the “nature” that E 
samples as well as the “nature” that he 
can create. 

The data of Exp. IV demonstrate 
that distance responses dependent upon 
visual direction can be made in the 
absence of gradients of light. For these 
data the Gibson theory is irrelevant and 
therefore not necessary. The introduc- 
tion of the light from the photographs, 
however, increased the number of target 
hits as well as the mean percentages of 
target distances of the tosses. Cer- 
tainly the visual world adds to the 
kinesthetic world information important 
to the ability to perform. 

The changes in perspectivities of visual 
stimulation which are dependent upon 
the absolute changes in spatial position 
of S's eye were immobilized by the fact 
that head movement had no such effect 
with the photographs of Exp. III. The 
static images of the photographs served 
to confirm the posture taken by the head 
in positioning the eye, but not the minor 
changes in position of the eye during 
observation. This degraded the visual 
stimuli which are usually available in 
everyday life even though the light to 
the eye was in one-to-one or nearly 
one-to-one correspondence with the dis- 
tances of the targets on the floor. The 
decrease in accuracy of the distance 
responses resulted. 


If changes in the light to the eye con- 
firm changes in the absolute spatial 
position of S's eye, how does the light 
acquire significance for absolute distance 
responses such as ball tosses? The 
visual knowledge of the results of a 
tossed ball involves perceptions in addi- 
tion to those of absolute distance. For 
instance, the perceived location of the 
point of impact of a ball with respect 
to a target is not dependent upon the 
perceived absolute distance separating 
the point of impact and target, e.g., 
the impact may be perceived as “under” 
or “over.” The perception of “under” 
may result in additional force being 
applied to the succeeding toss. Should 
the perceived location of the second 
toss satisfy S, the perceived force of that 
toss would then become the unit of per- 
ceiving the absolute distance of the 
target. According to this rationale, 
appropriate units, of perception for ab- 
solute distances can evolve as a conse- 
quence of perceptions of change of 
relative location of objects brought 
about by changes in motor functions. 
Hence, changes in the perspectivities of 
light on the retina, other things equal, 
may confirm not only changes in the 
spatial location of S's eye, but also 
changes in the relative location of objects 
as brought about by other functions of 
S’s body. 


SUMMARY 


The evidence from four experiments in- 
volving ball tossing demonstrates that: (a) 
Photographs, when viewed appropriately, can 
serve as the distal stimuli for the motor 
response of tossing a ball to the distances of 
targets in the space immediately adjacent 
to S. (b) Restriction of the field of view of 
the viewing apparatus increases the extent 
of the perceived distances as defined by the 
motor responses. (c) Accommodation, con- 
vergence, motion parallax, and binocular 
disparity in combination do not have to be 
in correspondence with the distances to which 
accurate motor responses (target hits) are 
made. (d) Visual direction alone is an 
insufficient basis for accurate motor responses 
to the distances of the targets. (e) Photo- 
graphs may be a useful tool for controlling 
the light to the eye for the study of visual 
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stimuli for perceptions of absolute distances 
relative to S. 
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EFFECTS OF AMOUNT AND PERCENTAGE OF REINFORCE- 
MENT AND NUMBER OF ACQUISITION TRIALS 
ON CONDITIONING AND EXTINCTION ! 


ALLAN R. WAGNER? 


State University of Iowa 


The relative performance levels 
obtained under partial and continu- 
ous instrumental reward training have 
been characterized by Goodrich (1959), 
Haggard (1956), and Spence (1960, 
Ch. 6) as including: (a) during early 
acquisition trials, a decrement under 
partial reinforcement which is more 
pronounced or more persistent as 
performance is measured closer to 
the goal region; (b) during asymp- 
‘totic acquisition trials, superiority 
of partial reinforcement on response 
measures relatively early in the re- 
sponse chain; and (c) superior extinc- 
tion performance following partial 
reinforcement. 

Of primary interest in the present 
investigation was a determination of 
the way in which magnitude of reward 
influences the two mentioned acquisi- 
tion effects, and the way in which 
magnitude of reward and number of 
acquisition trials jointly influence the 
extinction effect. Such determina- 
tions were thought to be particularly 
relevant to those theoretical interpre- 
tations (eg., Amsel, 1958; Beier, 
1958; Logan, 1960; Spence, 1960, 
Ch. 6) of partial reinforcement phe- 
nomena which have stressed the 
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importance of anticipatory reward 
(ra — sq) and anticipatory frustration 
(rs — ss), both of which are assumed 
to vary with reward magnitude and 
number of acquisition trials. 


METHOD 
Subjects 


The Ss were 64 male and 64 female experi- 
mentally naive hooded rats from the colony 
maintained by the Psychology Department 
of the State University of Iowa, Their ages 
ranged from 125 to 130 days at the beginning 
of the experiment. 


Apparatus 


The apparatus was a straight, enclosed 
pine runway consisting of a 15-in. entry box, 
a 12-in. startbox, a 33-in. alley, and a 15-in. 
goalbox. All sections of the runway were 
3 in. wide with the exception of the startbox 
which was narrowed to 2 in. Opaque doors 
separated the adjacent sections but, with the 
exception of the start door, were closed only 
to prevent retracing. A clear glass ceiling 
covered all sections of the runway at a height 
of 4in, The walls and floor of the entry and 
startboxes were painted a flat grey, those 
of the alley and goalbox a flat black. 

The apparatus was located in a black, 
sound-deadened room. Dim, diffuse illumi- 
nation was provided by the light reflected 
from the black walls and ceiling and originat- 
ing from four shielded 150-w. fluorescent 
tubes placed 4 ft. above the runway. A large 
fan located directly beneath the runway 
provided a general masking noise. 

The apparatus provided three time meas- 
ures of locomotor performance in the runway. 
Starting time was measured from the opening 
of the start door to the interruption of an 
infrared beam located 6 in. distant. Running 
time was measured from the interruption of 
this first beam to the interruption of a second 
beam located 12 in. beyond the start door. 
Goalbox time was measured between the 
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interruptions of infrared beams located 7 in. 
and 1 in., respectively, from the end of the 
runway. The last beam passed just above the 
front lip of a stationary, į in. deep, metal 
food cup. 


Procedure 


Experimental design—The experimental 
design included two levels of three variables: 
percentage reinforcement (100% vs. 50%), 
magnitude of reward (.08 gm. vs. 1.0 gm.), 
and number of acquisition trials (16 vs. 60). 
The design may be schematized as a 2X22 
factorial, 16 Ss, 8 males and 8 females, being 
randomly assigned to each of the eight 
experimental groups. 

Habituation.—Thirty days prior to the 
first training day Ss were placed on a 24-hr. 
food deprivation schedule, with 30-min. 
access each day to an ample supply of wet 
mash prepared from ground Wayne Lab Blox. 
This maintenance schedule was employed 
throughout the course of the experiment, 
while water was continuously available except 
during the experimental sessions. 

On the 2 days prior to experimental 
training Ss were allowed to explore the run- 
way in groups of three for 5-min. periods. 
After the exploration on each of these days 
Ss were placed in individual grey goalboxes 
and allowed to eat a number of reward pellets 
from a food cup identical to that used in the 
runway. 

Experimental training—A training trial 
was initiated with the introduction of S 
into the entry box. When S had entered the 
narrow startbox the retrace door was lowered 
and 3 sec. later the start door was raised. 
(The 2-in. width of the startbox discouraged 
S from turning so that all Ss remained 
oriented toward the start door during the 
3-sec. interval.) When S had entered the 
goalbox the retrace door was closed and S 
was removed 20 sec. later on nonreinforced 
trials or immediately after eating on reinforced 
trials. 

The Ss were tested in squads of 8, one S 
from each of the experimental groups. Eight 
such squads of males were tested first on each 
experimental day followed by eight squads 
of females. The Ss were tested in the same 
sequence in every experimental session, but 
the order of testing was systematically varied 
among the squads so that equal numbers of 
Ss from each group were assigned to each 
of the squad positions. Following the testing 
of all 8 Ss in a squad, they were returned to 
their home cages, and 30 min. later Ss were 
given their daily feeding. According to this 


schedule Ss were tested under approximately 
224-23 hr. food deprivation. 

Acquisition—Half of the Ss received 
16 and the other half 60 acquisition trials, 
1 trial per day, during which the per- 
centage reinforcement and magnitude of 
reward were manipulated. The sequence of 
reinforcement and nonreinforcement for the 
partial reinforcement groups was arranged 
as, follows: +-+- -—-+— ‘Schone 
—— ++ +-——+. It should be noted that 
this sequence has the following characteristics: 
(a) two reinforced and two nonreinforced 
trials appear in each successive block of four 
trials; (b) the first and last trials are rein- 
forced; (c) never more than three reinforce- 
ments or nonreinforcements occur in a row; 
(d) when this 20 trial sequence is repeated 
the first order sequential probabilities are 
counterbalanced, i.e., reinforcement equally 
as often follows a reinforcement as it does 
a nonreinforcement. 

The reward pellets were pressed from wet 
mash prepared immediately preceding the 
running of each squad of Ss. Two pellet- 
makers were used which were designed to 
form pellets of .08 gm. and 1.0 gm. dry weight, 
when the mash was prepared by mixing .5 ml. 
distilled water with each gram of ground 
Wayne Lab Blox. 

Extinction.—Extinction Trial 0 was ad- 
ministered to each group the day following 
its last acquisition trial. Extinction Trials 
1 to 32 were then run on consecutive days. 
On each extinction trial S remained in the 
nonreinforced goalbox for 20 sec. 


RESULTS 

Acquisition 

Mean starting, running, and goal- 
box speeds over blocks of four acquisi- 
tion trials are plotted in Fig. 1 for the 
treatment groups receiving the four 
combinations of percentage reinforce- 
ment and magnitude of reward. 
Measures from all Ss, i.e., 16- and 60- 
trial groups combined, are included 
in the curves over the first four blocks 
of acquisition trials, whereas the 
subsequent blocks of trials represent 
means from only those Ss in the 60- 
trial groups. Over the first 16 trials, 
in all three response measures, large 
reward produced faster speeds than 
did small reward, while continuous 
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Fic. 1. Mean acquisition speeds for the treatment groups differing in magnitude of reward 


and percentage reinforcement. 
minated for half the Ss in each group.) 


reinforcement produced faster speeds 
than did partial reinforcement. 

In order to evaluate the reliability 
of these observations, as well as the 
equivalence of the 16- and 60-trial 
acquisition groups, a separate analysis 
of variance appropriate for a factorial 


(The vertical line marks the point at which training is ter- 


design was computed for the means 
over Trials 1 to 16 for each of the 
three response measures. Since half 
of the Ss in each of the groups were 
male and half female, sex was also 
included in these and all subsequent 
analyses as a “control” variable. 
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The results of these analyses showed 
that: (å) magnitude of reward was 
significant beyond the .005 level in 
the starting, running, and goalbox 
measures (F = 26.67, F = 23.74, and 
F = 8.20, respectively; df = 1/112); 
(b) percentage reinforcement was 
highly significant in the goalbox 
measure (F = 48.35, df = 1/112, 
P < .001), reached significance in the 
running measure (F=4.05, df=1/112, 
P < .05), but failed to approach 
significance in the starting measure 
(F <1); (c) although the starting 
and running speed curves suggest 
an interaction between magnitude of 
reward and percentage reinforcement, 
this tendency was not statistically 
reliable in any of the response meas- 
ures; and (d) there were no reliable 
differences between the experimental 
groups receiving only these 16 acquisi- 
tion trials and those which subse- 
quently received 44 additional trials. 

With reference again to Fig. 1, it is 
apparent on all three response meas- 
ures that each of the large reward 
groups maintained its advantage over 
the corresponding small reward group 
throughout the 60 acquisition trials. 
Likewise, in the case of the goalbox 
measure the 100% reinforcement 
groups maintained their advantage 
over the 50% groups. However, 
on both the starting and running 
measures the performance of each of 
the 50% groups may be seen to sur- 
pass that of the corresponding 100% 
group by the end of training. 

In order to evaluate statistically 
the asymptotic performance levels 
attained under the various experi- 
mental treatments received by the 
60-trial Ss, a separate analysis of 
variance appropriate for a factorial 
design was computed for the means 
over the last 8 acquisition days 
on each of the response measures. 
The results of these analyses showed 


that: (a) the effect of magnitude of 
reward attained significance in both 
the starting and running measure 
(F = 6.05, P < .025, and F = 9553, 
P < .005, respectively; df = 1/56) 
but is associated with a probability 
between .10 and .20 in the goalbox 
measure (F = 2.67, df = 1/56); (b) 
50% reinforcement led to significantly 
higher performance levels than did 
100% reinforcement on both the start- 
ing and running measure (F = 4.03, 
P< .05, and F = 5.03, P < .025, 
respectively; df'=1/56), whereas 50% 
reinforcement led to a significantly 
lower performance level than did 
100% reinforcement on the goal- 
box measure (F = 8.01, df = 1/56, 
P < .01); and (c) in none of the 
three response measures was there a 
statistically reliable interaction of 
percentage reinforcement and magni- 
tude of reward. 


Extinction 


Since the several experimental 
groups began extinction at markedly 
different levels, a comparison of the 
obtained extinction speeds appeared 
to offer only minimal information 
about the rate of extinction. A 
preferable index appeared to be ex- 
tinction speed expressed as a propor- 
tion of the corresponding terminal 
acquisition speed. Consequently each 
response speed for each S over Extinc- 
tion Trials 1-32 was expressed as a 
proportion of the mean speed S had 
attained on that response measure 
over the last four acquisition trials 
and Extinction Trial 0. 

Figure 2 presents the mean starting, 
running, and goalbox proportions over 
blocks of four extinction trials for 
the eight experimental groups. Of 
major concern is the comparison of 
the resistance to extinction of the 50% 
and 100% groups following the vari- 
ous acquisition conditions. In all 
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Fic. 2, Mean extinction proportions as a function of the percentage reinforced (50% or 
100%) and the number (16 or 60) of prior acquisition trials plotted separately for the groups 
which had received 1.0-gm. or .08-gm. rewards during training. (The reference point includes 
the final four acquisition trials and Extinction Trial 0.) 


three response measures it may be 
observed that with acquisition condi- 
tions of 1.0-gm. reward, 50% rein- 
forcement led to a markedly greater 
resistance to extinction than did 100% 
reinforcement. However, when .08- 
gm. reward was employed, the superi- 
ority of the 50% groups, although 


still present in every comparison, was 
appreciably smaller. It should also 
be noted that in none of the com- 
parisons did the difference in extinc- 
tion performance between the 50% 
and 100% groups appear to vary 
with the number of prior acquisition 
trials. 
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A separate analysis of variance 
appropriate for a factorial design was 
computed for the mean proportions 
over Extinction Trials 1-32 for each 
of the response measures. The re- 
sults of these analyses with respect 
to the percentage reinforcement vari- 
able showed that: (a) in none of the 
measures did the triple interaction 
of percentage reinforcement, magni- 
tude of reward, and number of acqui- 
sition trials reach significance; (b) 
in none of the measures did the inter- 
action of percentage reinforcement 
with number of acquisition trials 
reach significance (F <1 in each 
case); but (c) in all three response 
measures the interaction of percentage 
reinforcement with magnitude of re- 
ward was statistically significant 
(F = 15.70, P <.001; F = 14.97, 
P < 001; and F = 4.71, P < .05 for 
the starting, running, and goalbox 
measures, respectively; df = 1/112). 

Since the effects of percentage rein- 
forcement were reliably different when 
combined with 1.0-gm. reward than 
with .08-gm, reward, separate F tests 
were computed of the differences 
between the 50% and 100% treatment 
groups at the two levels of reward 
magnitude. The results of these 
comparisons for the starting and 
running measures indicated that the 
50% groups were significantly more 
resistant to extinction than the 100% 
groups when combined with 1.0-gm. 
reward (F = 43.54, and F = 47.33, 
respectively; df = 1/112; P< .001 
in each case) but not when com- 
bined with .08-gm. reward (F < 1and 
F = 1.97, respectively; df = 1/112). 
In the goalbox measure, however, 
percentage reinforcement was sta- 
tistically reliable when combined with 
either 1.0-gm. reward (F= 59.65, 
df = 1/112, P < .001) or with .08- 
gm. reward (F = 21.88, df = 1/112, 
P < 001). 


Also of interest are the separate 
effects of magnitude of reward and 
number of acquisition trials on re- 
sistance to extinction. As noted 
previously, magnitude of reward in- 
teracts with percentage reinforcement 
in determining resistance to extinc- 
tion. Consequent to this finding, 
separate F tests were also computed 
comparing the 1.0-gm. and .08-gm. 
treatment groups at the two percent- 
ages of reinforcement on each of the 
three response measures. When com- 
bined with a 50% reinforcement 
schedule 1.0-gm. reward, as compared 
to .08-gm. reward, led to a greater 
resistance to extinction which attained 
statistical significance in the case of 
the starting measure (F = 17.85, 
df = 1/112, P < .001) and the run- 
ning measure (F = 10.69, df = 1/112, 
P < .005), but not the goalbox meas- 
ure (F < 1). When 100% reinforce- 
ment was employed, however, 1.0-gm. 
reward led to less resistance to extinc- 
tion than did .08-gm. reward. The 
latter finding was significant in the 
case of the goalbox measure (F=5.71, 
df = 1/112, P < .025) and the run- 
ning measure (F = 4.83, df = 1/112, 
P <.025) but not in the starting 
measure (F= 1.87, df = 1/112, 
10 < P < .20). 

Statistical analyses revealed that 
an increase in the number of acquisi- 
tion trials led to a reliable increase 
in the extinction proportions only in 
the case of those treatment groups 
which received .08-gm. reward, and 
then only on the starting and running 
measures (F = 22.41, P < .001, and 
F=5.72, P < .025, respectively ; 
df = 1/112) there being no reliable 
effect of number of acquisition trials 
upon the goalbox measure. Although 
number of acquisition trials seldom 
affected the extinction proportions it 
would still be expected to affect extinc- 
tion speeds, since Ss began extinction 
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at a higher level following 60 than 
following 16 acquisition trials. When 
analyses of variance were performed 
on the untransformed extinction speeds 
significantly superior extinction per- 
formance of those groups receiving 
60 acquisition trials,.as compared 
to those receiving only 16 acquisition 
trials, was obtained in all comparisons. 


Discussion 


Beier (1958) and Logan (1960) have 
assumed that under conditions of incon- 
sistent reinforcement, r,— sy is raised 
or lowered on each trial toward the value 
appropriate for the reward received on 
that trial. Several other investigators 
(e.g., Amsel, 1958; Spence, 1960, Ch. 6) 
have asserted, in addition to their indi- 
vidual assumptions concerning the course 
of 7, — sj, that after some minimal num- 
ber of reinforcements, nonreinforcement 
will elicit a primary motivational re- 
sponse termed frustration, which is 
directly related in intensity to thestrength 
of r,— s, An anticipatory or condi- 
tioned form (r;) of this emotional 
response is further assumed to generalize 
to stimuli which antedate the goal, and 
is expected not only to lead to an in- 
crease in drive level, but also, through 
its characteristic response produced stim- 
uli (sy), to tend to elicit unlearned or 
previously learned responses which are 
antagonistic to the approach response. 
It is assumed however, that during 
random partial reinforcement training 
that these cues may become conditioned 
to, and tend to elicit the locomotor 
response itself. 

While these positions when taken 
together lack in many instances the 
degree of development necessary for 
unequivocal deductions, they do allow 
for a consistent interpretation of a size- 
able number of partial reinforcement 
Phenomena. For example, during the 
early, prefrustration acquisition trials, 
partial reinforcement should lead to a 
lower r, — Sọ than should continuous 
teinforcement and hence, as presently 
obtained, a lower level of responding 
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on all response measures. If one makes 
the special assumption with Beier (1958) 
that r, — s, under inconsistent reward, 
approaches the mean of the 7, — s,s 
appropriate to the several rewards re- 
ceived, then 7, — s, under random 50% 
reinforcement approaches 50% of the 
level attained under 100% reinforcement 
and hence a greater partial reinforce- 
ment decrement should be obtained with 
large than with small reward. The 
present results are in this direction but 
do not attain significance. The fact 
that a similar nonsignificant tendency 
was observed by Hulse (1957) in the 
only previous attempt at such a com- 
parison, however, suggests that it may be 
a reproducible effect. 

The latter, postfrustration perform- 
ance is less determinant, depending 
upon the relative degree of r, — sy 
superiority of the continuous groups as 
compared to the ry — sy induced drive 
level superiority of the partial groups, 
as well as upon the degree of conditioning 
of ss to the approach response under 
partial reinforcement. Since random 
partial reinforcement leads commonly 
to greater asymptotic starting and 
running speeds than does continuous 
reinforcement, it must be argued not 
only that the approach response has 
become effectively conditioned to the 
early alley cues plus sy, but also that the 
drive level advantage of the partial 
groups is greater than the 7, — ss 
advantage of the continuous groups.’ 


3 That the partial superiority is not found 
on those response measures close to the goal 
may be attributed to less effective condition- 
ing of the approach response to the goalbox 
cues plus sy, and hence the persistance to 
some degree of competing responses elicited 
by sy. This argument appears quite reason- 
able in the context of the prior assumptions 
if it is noted that ry — sy may be expected 
to become conditioned to the approach re- 
sponse when the sy cues are introduced 
initially at a weak value, and hence with a 
negligible tendency to elicit competing re- 
sponses, and are then increased gradually 
at the same time that the approach response 
is being strengthened. This condition ob- 
tains much more clearly in the early portions 
of the alley than in the goal region where 
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Since 7;— sy is presumed to be a 
function of 7, — Sg, increasing the magni- 
tude of reward should increase the partial 
reinforcement drive level superiority. 
The present finding of no significant 
asymptotic interaction between rein- 
forcement schedule and reward magni- 
tude might be interpreted as casting 
doubt on the frustration interpretation, 
or as lending additional plausability to 
the notion that the continuous rein- 
forcement 1, — s, advantage is also 
increased with increased reward. How- 
ever, that there was observed a sizeable 
and consistent tendency for the starting 
and running partial reinforcement asymp- 
totic superiority to be greater with large 
than with small rewards appears to 
justify further study. 

It follows most clearly from the theo- 
retical formulation, that partially rein- 
forced Ss that have been trained to 
approach in the presence of frustration 
stimuli will be more resistant to extinc- 
tion than will continuously reinforced 
Ss that have competing responses 
elicited to a greater degree by the 
anticipatory frustration which develops 
during extinction. Furthermore, the 
present finding, as well as that of Hulse 
(1958), of a greater partial reinforcement 
extinction superiority following large 
than following small rewards is not 
unexpected. Nor is the observation in 
each of these studies, that this increased 
effect is due, in part, to faster extinction 
following continuous reinforcement with 
large as compared to small rewards. 
Since the magnitude of 7, — s, would be 
greater at the start of extinction with 
large than with small rewards, it is 
consistent that larger rewards should 
lead to a slower rate of extinction for par- 
tial Ss due to increased motivation, but 
should lead to a faster rate of extinction 
for continuous Ss owing to the greater 
vigor of the competing responses elicited 
by the more intense sy. 


due to the proximity of the primary frustra- 
tion event, generalized ry — sy may be ex- 
pected to occur earlier and to follow a course 
of greater intensity, and thus produce re- 
sponses which compete more effectively with 
the approach response. 


On both theoretical (Amsel, 1958) and 
empirical (Amsel, 1958; Koehler, 1956; 
Weinstock, 1957) grounds it was ex- 
pected that a greater partial reinforce- 
ment extinction superiority would be 
observed following 60 than following 16 
acquisition trials. In order for the 
present failure to observe such a tend- 
ency to be considered consistent with 
frustration theory it must be proposed 
that sy had already become effectively 
conditioned to running in the partially 
reinforced groups by the end of 16 trials. 
The present results would more clearly 
appear to place restrictions on the 
assumptions that may be made concern- 
ing the nature of the contributions of 
number of acquisition trials and magni- 
tude of reward to the partial reinforce- 
ment extinction effect. While it may be 
assumed that an increase in the number 
of acquisition trials under certain con- 
ditions may lead to an increase in the 
magnitude of the partial effect, it must 
also be assumed that the function ex- 
pressing this relationship has a limiting 
value determined by the magnitude of 
reward employed. 

While it is not unlikely that both 
frustration and incentive motivation are 
important determiners of partial rein- 
forcement phenomena, the present for- 
mulations are necessarily speculative. 
Further clarification awaits less equivocal 
evidence of the relative values of these 
factors in the various portions of training 
and at different segments of the response 


chain. 
SUMMARY 


The acquisition and extinction of loco- 
motor behavior in various segments of a 
straight alley were investigated as a function 
of percentage reinforcement (50% or 100%), 
magnitude of reward (.08 gm. or 1.0 gm.), 
and number of acquisition trials (16 or 60). 
Sixteen naive hooded rats were assigned to 
each of the eight groups ina 2X2 x2 
experimental design. A 24-hr. | intertrial 
interval was observed during acquisition and 
during the 33 extinction trials which followed. 

The relative acquisition performance levels 
of partially and continuously reinforced Ss 
were found to depend upon the portion of 
training and the segment of the response 
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chain that was observed. When the response 
measure was taken over the early segments 
(first and second 6 in.) of the 5-ft. alley, there 
was observed an initial superiority of the 
100% Ss but an asymptotic superiority of the 
50% Ss. When the response measure was 
taken over the final 6 in. preceding the goal 
cup the superiority of the 100% Ss persisted 
over the entire course of acquisition. Large 
as compared to small rewards, in addition 
to producing higher overall response speeds, 
also tended to produce a greater early trials 
50% decrement and a greater asymptotic 
50% superiority, although no statistical 
support for the latter two tendencies was 
obtained. 

Of primary interest during extinction were 
the effects of size of reward and number of 
acquisition trials on the magnitude of the 
commonly obtained superiority of partially 
reinforced as compared to continuously rein- 
forced Ss. The extinction results showed 
that whereas the “partial reinforcement 
effect” did not vary with number of prior 
acquisition trials, it was markedly greater 
following 1.0-gm. than following .08-gm. 
rewards. The increased partial reinforcement 
effect with larger rewards reflected not only 
greater resistance to extinction of partially 
reinforced Ss but also less resistance to ex- 
tinction of continuously reinforced Ss with 
large as compared to small rewards. 

The acquisition and extinction results 
were considered in relation to frustration 
and incentive motivation theory. 
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The paradigm for acquired learning 
with a single paired-associate unit is 
homologous with the paradigm for 
classical conditioning (Goss, Morgan, 
& Golen, 1959; Spence, 1958). Be- 
cause the number of units can be 
varied there are many combinations 
and patterns of relationships among 
stimulus and response members which 
evolve and which make paired-associ- 
ate learning a very useful task for 
investigations of interactions of task 
with other variables. The present 
study was concerned with the single 
and joint effects on paired-associate 
learning of four task variables, the 
similarity and association values of 
stimulus and of response members, 
and of two presumed drive variables, 
manifest anxiety and failure stress. 


Task Variables 


Similarity—Similarity of the stimuli 
of paired-associate units may be in a 
vertical fashion, within the stimulus or 
response members, or laterally between 
stimulus and response members, Such 
similarity has been defined in terms of 
common elements (Underwood, 1953a) 
such as the number of similar letters 


1A more extensive account of the first of 
the two experiments reported here can be 
found in Levitt (1956). Parts of these data 
were presented at the 1957 meetings of the 
EPA in New York City. Experiment II 
was supported by a grant from the Research 
Council of the University of Massachusetts. 
Herbert Gewirtz, Harvey Lifton, and Ira 
Mintz contributed to various aspects of the 
two experiments. 

2Now at Department of Psychiatry, 
University of Wisconsin Medical School, and 
Wisconsin Psychiatric Institute, University 
Hospitals, Madison, Wisconsin. 


among the stimuli, and in terms of 
common responses (Gibson, 1942) and 
meaning (Underwood, 1953b). Increas- 
ing the numbers of common elements 
among stimulus members slows learning 
(Feldman & Underwood, 1957; Under- 
wood, 1953a). While such increases 
among response members increase overt 
errors, no significant effects on acquisi- 
tion speed has been reported (Underwood, 
1953a). 

Similarities of stimulus members de- 
fined by common responses is directly 
related to learning speed (e.g. Gibson, 
1942). However, for similarity defined 
by common meanings, stimulus members 
of intermediate similarity may be learned 
more rapidly than those of either high 
or low similarity (Underwood, 1953b). 
Similarity of response members, in terms 
of common meaning, is directly related to 
overt errors, but may (Feldman & 
Underwood, 1957) or may not (Under- 
wood, 1953b) be related inversely to 
learning speed. 

Association values—In general, asso- 
ciation values of stimulus and of response 
members are directly related to learning 
speed (Jantz & Underwood, 1958; Lifton, 
1956; Mandler & Huttenlocher, 1956). 
Cieutat, Stockwell, and Noble's (1958) 
results suggest that these relationships 
hold across all levels of association values 
of stimulus and of response members, 
while Mandler and Campbell's (1957) 
finding suggests that direct relationships 
occur at only some levels. On the whole, 
association values of response members 
seem to have greater effects than asso- 
ciation values of stimulus members 
(Cieutat et al., 1958; Hunt, 195%; Noble 
& McNeely, 1957; Sheffield, 1946). 

Sheffield’s (1946) is the most system- 
atic attempt to explain these largely 
direct relationships between learning 
speed and association values of stimulus 
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and of response members. Stimulus 
members of high association values are 
presumed to elicit mediating perceptual 
responses which are more invariant, 
distinctive, and compatible than the 
perceptual responses aroused by stimu- 
lus members of lower association values. 
Furthermore, stimuli produced by the 
perceptual responses might be more im- 
portant components of stimulus com- 
pounds to which responses are to be 
conditioned than the external stimuli 
which presumably elicit both perceptual 
responses and the responses to be learned. 

These postulated aspects of associa- 
tion values of stimulus and of response 
members of paired-associate units are 
independent of similarity defined by 
common elements. Similarity and asso- 
ciation values of stimulus members 
might, therefore, combine to influence 
paired-associate learning. Also, the man- 
ner of combination of these variables 
could well be different with response 
members. In order to obtain this 
information, in Exp. I similarity and 
association values of stimulus members 
were varied in a 2 X 2 orthogonal de- 
sign, and in Exp, II similarity and 
association values of response members 
were varied in a 2 X 2 orthogonal design. 


Drive Variables 


Anxiety and stress—Variations in 
scores on the Taylor Manifest Anxiety 
scale have been used to specify levels 
of drive during the acquisition of stimu- 
lus-response relationships of both simple 
and more complex tasks (Spence, 1958). 
Verbal statements of failure—failure 
stress—haye been used to induce pre- 
sumed drive levels. In Exp. I high and 
low levels of drive defined by high and 
low scores on the Taylor Manifest 
Anxiety scale were combined with stress 
and nonstress. In Exp. II, the levels of 
drive were defined only by high and low 
MA scores. While the manner of com- 
bination of these two specifications of 
drive was of some interest, the more 
important concern was the modes of 
combination of these drive variables 
with task variables of paired-associate 
learning, 
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Task variables and drive variables — 
The two most important contemporary 
formulations of the possible modes of 
combination of task variables of paired- 
associate learning and of drive variables 
are what are here labeled the drive- 
dominant initial response analysis and 
the interference analysis. The drive- 
dominant initial response analysis as 
developed by Spence predicts that when 
correct responses to stimulus members 
of paired-associate units are stronger 
initially than incorrect responses, more 
rapid initial increases in performance 
should occur under high than under low 
drive. When incorrect responses are 
stronger initially than correct responses, 
better initial performance should be 
obtained under low than under high 
drive. The interference analysis (Child, 
1954; Farber, 1955; Spence, 1958; Tay- 
lor, 1958) assumes that increases in 
drive increase the numbers and strengths 
of extralist and perhaps intralist re- 
sponses which compete with correct 
responses to stimulus members. Ac- 
cordingly, regardless of the initial relative 
strengths of correct and incorrect re- 
sponses, this analysis predicts an inverse 
relationship between learning speed and 
drive. 

Spence and his associates (Besch, 
1959; Spence, 1958; Spence, Farber, 
& McFann, 1956; Spence, Taylor, & 
Ketchel, 1956) have constructed lists 
of paired-associates in which there is 
initial superiority of correct to incorrect 
responses or of incorrect to correct 
responses. While these investigators — 
have obtained better results with the 
former than with the latter lists, neither 
Buchwald (1959) nor Kamin and Fedor- 
chak (1957) obtained the predicted 
reversal. 


The more common procedure for 
the construction of lists of paired- 
associates is to select stimuli for which 
there are no or minimal pre-estab- 
lished direct associations between 
stimulus and response members. 
Spence has already noted one differ- 
ence between the two procedures; 
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when lists have been constructed with 
no pre-established associations be- 
tween stimulus and response mem- 
bers, one or more trials must occur 
before correct or intralist incorrect 
responses to a stimulus member gains 
initial dominance. Because of this 
and other differences, findings with 
lists constructed by Spence’s pro- 
cedure would be expected to differ 
from those with lists constructed by 
the conventional procedure. Thus, 
what is required is direct determina- 
tion of the mode of combination of 
drive variables with characteristics 
of stimuli of paired-associate lists 
constructed’ by the conventional pro- 
cedure. In Exp. I of this study, the 
2 X 2 orthogonal variations in simi- 
larity and association values of stim- 
ulus members were combined with the 
2 X 2 orthogonal variations in mani- 
fest anxiety and stress. In Exp. II, 
the 2 X 2 orthogonal variations of 
similarity and association values of 
response members were administered 
to high-anxiety and low-anxiety Ss. 
(Because too few Ss were available 
at the time this experiment was under- 
taken, stress was not used.) 

With stimulus members and with 
response members of low similarity 
and high association values correct 
responses might soon become domi- 
nant over incorrect responses. With 
stimulus members and with response 
members of high similarity and low 
association values, after a few trials, 
incorrect responses might be tem- 
porarily stronger than correct re- 
sponses. If so, the implication of the 
drive-dominant initial response analy- 
sis is of better performance under 
high than under low drive with 
stimulus and with response members 
of low similarity and high association 
values. Conversely, with stimulus 
and with response members of high 
similarity and low association values 


poorer initial performance is pre- 
dicted under high than under low 
drive. The interference analysis pre- 
dicts a direct relationship between 
retardation of performance and drive 
early and probably late in learning, 
regardless of similarity and associa- 
tion values of stimulus or of response 
members. 


EXPERIMENT I 
Method 


Paired-associates.—The stimulus members 
of the four lists of eight pairs of three-letter 
nonsense syllables were used. The stimulus 
members were one of four combinations of 
high or low similarity with high or low asso- 
ciation values. Both sets of stimulus mem- 
bers of high similarity were made up of six 
consonants and three vowels. The Glaze 
association values of the set with high associa- 
tion values were 93% and 100% (M=97.4%) 
and those of the set with low association 
values were 0% and 7% (M = 2.6%). The 
syllables of both low-similarity sets were 
made up of 16 consonants and four vowels. 
One set had mean Glaze values of 98.2% 
and the other had mean Glaze values of 2.6%. 

The four sets of stimulus members were 
each paired with the same set of response 
members whose 15 different letters made 
them of intermediate similarity. Their 47% 
and 53% association values (M = 49.2%) 
were also intermediate. 

A modified Saltz and Myers’ (1955) group 
presentation procedure was employed. Each 
of the eight paired-associates of each of the 
lists was first reproduced in pica capitals on 
4} X 22 in. sheets of paper. Stimulus mem- 
bers of pairs were on the left and response 
members were on the right. In order to 
minimize serial effects, the eight sheets for 
the paired-associates of each list were as- 
sembled in four different random orders. 
Each of the four orders for each list was then 
stapled as a booklet in one of the four quad- 
rants of a rectangular (7 X 11 in.) piece of 
posterboard. A vertical column of only 
stimulus members of the paired-associates was 
typed in pica capitals on each of the 4 X 5} in. 
pages of a booklet on the reverse side. Any 
one of the four orders in which stimulus and 
response members appeared on a given trial 
was always followed by stimulus members 
alone in the same order. 

Procedure for learning—The four lists 
were administered simultaneously to groups 
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of about 10 Ss. The part of the instructions 
which was common for all groups and for 
all lists explained the design and use of the 
booklets. Each trial began by telling Ss the 
booklet for that trial. They then waited for 
E to say “begin,” whereupon the cover 
sheet of the appropriate booklet was opened. 
Each pair of syllables was examined by Ss 
with the intention of later being able to write 
each of the syllables on the right opposite 
the syllable on the left with which it had been 
paired. Four seconds were allowed for the 
examination of each pair before the signal 
to turn to the next pair, After viewing the 
last pair, Ss turned their posterboards over 
and waited for the signal to lift the cover 
sheet of the booklet on that side and to begin 
writing the correct responses to stimulus 
members alone. They had 32 sec. to write 
those responses after which they tore out that 
page, wrote their names on it, and passed 
it to a second E. The posterboard was then 
turned back to the first side. During the 
next trial the second E pretended to be scoring 
the answer sheet. 

Twenty learning trials were administered 
to all groups with each of the four orders of 
the pairs of each list occurring five times in 
an otherwise random sequence. 

Procedure for stress—Stress was defined 
by two conditions: a statement to Ss before 
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beginning that the paired-associate task and 
academic performance were related, and sub- 
sequent statements of failure after Trials 6 
and 10, After Trial 6 the second Æ left the 
table where he was scoring, came in front of 
the group, and announced, “As you have 
probably noticed, we have been scoring your 
test forms, Aren't you people trying? May- 
be you're not cooperating. In comparison to 
similar groups who have taken this test 
previously, you people are doing significantly 
poorer. Now, let’s try to put in a little more 
effort.” A similar statement was made after 
Trial 10. The person who served as the 
second E was of mature appearance, con- 
siderably above average in height and size, 
and had a relatively deep, masculine voice. 

The same Æ also interrupted nonstress Ss 
after Trial 6 and 10 but with innocuous re- 
marks of about the same lengths as the failure 
statements. These remarks controlled for 
the possibility that failure statements merely 
distracted. Upon completion of the learning 
task, Ss of the stress condition were told the 
purpose of their experiences and asked not 
to describe them to anyone else. 

Subjects —The Taylor Manifest Anxiety 
scale (1953) was administered to students 
in introductory psychology during the first 
and second semesters of the 1955-56 aca- 
demic year. Eighty high-anxiety Ss and 80 


TABLE 1 
MEANS AND SDs or CORRECT RESPONSES FOR TRIALS 1-20 IN EXPERIMENTS I AND II 


eet E: i E i II 
Treatment Combinations (Stimulus Members) SEET) 
Similarity | ĉsșogiation | A nxjety Stress Mean SD Mean SD 

High High High Yes 92.8 42.5 
High High High No 101.9 26.0 111.8 23.6 
High High Low Yes 91.5 39.2 
High High Low No 86.1 26.8 113.9 25.0 
High Low High Yes 66.0 36.5 
High Low High No 89.0 25.6 75.9 28.4 
High Low Low Yes 61.9 24.7 
High Low Low No 73.8 25.6 76.9 33.5 
Low High High Yes 120.6 13.1 
Low High High No 103.0 20.0 125.0 27.6 
Low High Low Yes 115.7 20.0 
Low High Low No 124.2 24.5 125.1 18.3 
Low Low High Yes 110.3 27.7 
Low Low High No 91.1 25.6 99.5 29.2 
Low Low Low Yes 86.1 29.4 
Low Low Low No 99.6 21.9 94.8 36.5 


Note.—N = 10 in each combination, 
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TABLE 2 


ANALYSIS OF VARIANCE OF MEANS FOR SUCCESSIVE FIvE-TRIAL BLOCKS IN 
EXPERIMENTS I AND II 


Experiment I Experiment II 
(Stimulus Members) (Response Members) 
Source 
af MS F df MS E 
Between Ss 159 79 
Similarity (Sim) 1 | 5,499.02 | 25.67** 1 | 1,357.13 6.11* 
Association values (AV) 1 3,900.62 18:21** CI SIYOS 231327 
Anxiety 1 200.26 — 1 0.70 = 
Stress (St) 1 88.51 — 
Sim X AV 1 4.23 = 1 91.38 — 
Sim X A 1 213.91 = i 18.53 — 
Sim X St 1 445.56 2.08 
AV XA 1 182.76 = 1 10.88 — 
AV X St 1 187.06 — 
AX St 1 172.22 — 
Sim X AV X A 1 138.75 — 1 4.27 — 
Sim X AV X St 1 120.75 — 
Sim X A X St 1 | 1,113.02 5.20* 
AV X AX St 1 15.62 — 
| Sim X AV XA X St 1 1.57 — 
Error (b) 144 214.23 72 221,94 
Within Ss 480 240 
F Blocks of Trials (T) 3 | 15,088.05 | 858.25** 3 | 6,275.45 = 
: T X Sim 3 218.34 | 12.42** 3 6.28 = 
T XAV 3 18.84 1.07 3 79,86 4.72" 
TOGA 3 14.15 = 3 4.93 — 
TXSt 3 42.95 2.44 
T X Sim X AV 3 20.17 1.14 3 52.24 3.09* 
TXSimXA 3 2.84 — 3 9.94 — 
T X Sim X St 3 70.51 4,01** 
TXAVXA 3 8.42 — 3 45.13 2.67* 
T XAV X St 3 3.04 — 
TXAXSt 3 24.68 1.40 
T X Sim]X AV X A 3 64.72 3.68* 3 6.22 — 
T X Sim X AV X St 3 5.91 = 
T X Sim]X A X St 3 51.04 2.90* 
TXAVXAXSt 3 13.57 — 
T X Sim X AV X A X St 3 5.46 = 
Error (w) 432 17.58 216 16.91 


* Significant at .05 level. 
¥* Significant at .01 level. 


low-anxiety Ss were drawn from among those all 20 trials for the 16 combinations 
‘Se whose manifest pes soe yoo) ead Of Suumulus characteristics and drive 
tively, in the upper fifth (scores > 20) and Conditions. Differences among means 


lower fifth (scores < 10) of the distribution Tot f 
of all scores. Ten Ss from each of these two Were assessed by the analysis 0; 
groups of 80 Ss were then assigned randomly variance summarized in Table 2. 


to each of the eight combinations of en or This analysis includes a breakdown 
low similarity, high or low association values, of the means for the 20 trials into 


pee means for successive blocks of 5 
= Results trials which do not appear in Table 

Table 1 contains means and SDs 1 but are the Trials (T) variable of 
of numbers of correct responses for the within-Ss components in Table 2. 
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TALS OF CORRECT RESPONSES/ 
TENN OF TRVESTRIAL BLOCKS 


Fic. 1. Means of correct responses in 
successive blocks of five trials for combina- 
tions of stress (S) and nonstress (NS) with 
lists of high (HI) and low (LI) intralist 
similarity of stimulus members. 


Themain effects for similarity (Sim) 
and association values (AV) were 
significant beyond the .05 level. Sum- 
ming over the other variables, the 
mean of 106.3 correct responses for 
20 trials with stimulus members of 
low similarity was about 30% greater 
than the mean of 82.9 for stimulus 
members of high similarity. Stimulus 
members with high association values 
(M = 104.5) had nearly as great 
an advantage over those with low 
association values (M = 84.7). The 
Fs for stress, anxiety, and their 
interactions were not significant. 

Stress and similarity entered into 
three interactions significant at the .01 
and .05 levels. The curves in Fig. 1 
for the similarity, stress, and trials 
interaction illustrate the pattern of 
these interactions. The four curves 
diverge most during the last 10 trials. 
During these trials, the curve for low 
similarity lists rose less rapidly under 
the nonstress condition than that 
under stress. Both curves begin and 
remain above those for the high 
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similarity lists on which stress pro- 
duced some retardation. In other 
interactions involving one or more of 
the other variables with stress and 
similarity the same pattern held. 
Stress proved to be facilitative with 
lists in which stimulus members were 
of low similarity and inhibitory with 
lists in which stimulus members were 
of high similarity. 


EXPERIMENT II 
Method 


Paired associates—Stimulus and response 
members of the pairs of the four lists of Exp. 
I were interchanged to obtain the lists of this 
experiment. Thus, stimulus members were of 
intermediate similarity and association values 
and response members were combinations of 
high or low similarity and high or low associa- 
tion values. In all other respects, materials 
for the administration of these lists paralleled 
those of Exp. I. 

Procedure for learning,—Except for the 
omission of the stress-nonstress condition the 
procedure for learning the paired-associates 
of Exp. I was followed. 

Subjects—Eighty new Ss were drawn from 
among students in introductory psychology 
during the second semester of 1956-57. Half 
had manifest anxiety scores which placed 
them in the upper fifth of the distribu- 
tion of those scores; the other half had 
scores which placed them in the lower fifth. 
The cutoff scores were those of Exp. I. 

Ten of the Ss with high anxiety and 10 of 
those with low anxiety were assigned ran- 
domly to each of the four combinations of 
similarity and association values of response 
members, 


Results 


Experiment ITI. —Means and SDs of 
numbers of correct responses for all 
20 trials for the eight combinations 
of characteristics of response members 
and manifest anxiety appear in Table 
1. With the exception of the stress- 
nonstress variable the analysis of vari- 
ance for differences among these 
means was the same as that for 
Exp. I (Table 2). 

The Fs for the main effects of 
similarity (Sim) and association value 
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(AV) were, as in Exp. I, significant 
beyond the .05 level. The mean for 
correct responses of response members 
of low similarity (M = 111.1) was 
greater than that for high simi- 
larity (M = 94.6). Those for high 
(M = 119.0) and low (M = 86.8) 
association values also differed signifi- 
cantly. The main effect for manifest 
anxiety was not significant, nor did 
this variable enter into any signifi- 
cant interactions whose patterns were 
consistent. 

Experiments I and II.—The effects 
of manipulating the stimulus and 
response sides on the learning of 
paired-associates were compared by 
analysis of variance (Table 3). (Man- 
ifest anxiety was not included as a 
factor because it had no apparent 
effects in Exp. I and, at most, limited 
effects in Exp. IT.) 

Significantly more correct responses 
were made during the 20 trials 
with variations in response members 
(M = 102.9) than with variations in 
stimulus members (M = 94.8). As 
expected from the separate analyses, 
low similarity of stimulus and re- 
sponse members together (M = 107.9) 
led to faster learning than did high 
similarity of both members together 
(M = 86.8), as was the case for high 
association values of stimulus and re- 
sponse members together (/= 109.3) 
in relation to low association values 
together (M = 85.4). The difference 
of 23.4 between means for stimulus 
members of low (M = 106.3) and 
high (M=82.9) similarity was greater 
than the difference of 16.5 between 
means for response members of low 
(M=111.1) and high (M =94.6) simi- 
larity. For stimulus members of high 
(M = 104.5) and low (M = 84.7) 
association values, the difference of 
19.8 was less than the difference of 
32.2 for response members of high 
(M = 119.0) and low (M = 86.8) 
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TABLE 3 


ANALYSIS OF VARIANCE OF MEANS FOR Suc- 
CESSIVE FIVE-TRIAL BLOCKS FOR SIMI- 
LARITY AND ASSOCIATION VALUES 
OF STIMULUS MEMBERS AND 
RESPONSE MEMBERS 


Source df MS F 
Between Ss 239 
Response or stimulus 
` member (M 1| _ 910.25 4.24% 
F Similarity (Sim) 1| 6,693.98} 31.22 
Association Value (AV) 1| 8,562.17 39.93% 
M X Sim a 162.17 = 
M XAV 1 514.60 2.40 
Sim X AV 1 51.81 ER 
k M XSim XAV 1 43.81 — 
Error (b) 232 214.41 
Within Ss 720 
Blocks of trials (T) 3 |21,310,25 | 1,199.23** 
TXM 3 53.25 3.00* 
T X Sim 3 164.82 9.28% 
Le A Vee 3 75.36 4.24% 
T XM XSim 3 59.81 3.36" 
TXM XAV 3 23,34 1.31 
T X Sim X AV 3 57.59 3,24* 
T XM XSim XAV 3 14,82 = 
Error (w) 696 17.77 


* Significant at .05 level. 
** Significant at .01 level, 


association values. The suggestion 
is that similarity had a greater effect 
on stimulus than on response mem- 
bers; and the association values had a 
greater effect on response than on 
stimulus members. Yet, these dif- 
ferences were not sufficient to produce 
a significant interaction of either 
similarity or association values with 
the member varied. Nor was the 
interaction of both similarity and 
association values with the member 
varied significant. 


Discussion 


Similarity and association values— 
The slower learning with stimulus mem-. 
bers of high similarity than with those 
of low similarity was consistent with 
previous findings with nonsense syllables 
(Underwood, 1953a). However, that 
this relationship held for similarity of 
response members and there was no 
significant difference in the effects of 
similarity of stimulus and response 
members were not in accord with Under- 
wood’s findings. Underwood used lists 
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in which’ similarity of both stimulus and 
response members were varied; in the 
present study similarity of either stimu- 
lus members or of response members 
but not of both members was varied. 
Also, all of his nonsense syllables were 
of intermediate association values. 

The combinations of association values 
of stimulus and response members of the 
lists of this study are most comparable 
to those lists in Mandler and Campbell's 
(1957) experiment, and in Cieutat, 
Stockwell, and Noble’s (1958) Exp. II. 
These lists had stimulus members of 
different association values and response 
members of intermediate association 
values or stimulus members of inter- 
mediate association values and response 
members of different association values. 
For these lists, Mandler and Campbell 
found that learning speed was related 
to association values of both stimulus 
and response members by an inverted 
U function in their Exp. I and by a u 
function in their Exp. II. In contrast, 
the results of this study and those of 
Cieutat, Stockwell, and Noble suggest a 
direct monotonic relationship between 
learning speed and association values of 
both stimulus and response members. 
On the whole, the results of other studies 
suggest that the relationships for associa- 
tion values of stimulus members, re- 
sponse members or both are direct and 
monotonic (e.g., Feldman & Underwood, 
1957; Hunt, 1959; L’Abate, 1959; Noble 
& McNeeley, 1957; Sheffield, 1946). 

The results of this study suggested 
that association values of stimulus and 
of response members had essentially 
the same effects on learning speed. In 
contrast, Cieutat, Stockwell, and Noble 
(1958) found that association values of 
response members had 
greater effects than association values 
of stimulus members. Their results are 
more typical (e.g., Hunt, 1959; Noble & 
McNeely, 1957; Sheffield, 1946). It is 
probable that one or more of several 
differences in the conditions of the 
present study and the conditions of these 
other experiments accounts for this 
difference in results. In the latter ex- 
periments, responses were pronounced 
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significantly ` 


rather than spelled, or both member: 
of the pairs were of high or low associa- 
tion values rather than one member ol 
intermediate association values, or stim 
ulus or response members of varyin: 
association values appeared within the 
same lists rather than in different lists. 

Task variables and drive.—The results 
of Exp. I suggested with stimulus mem- 
bers of low similarity (easier) stress was 
facilitative and with stimulus members 
of high similarity (harder) stress was 
inhibitory. Thus, whether stress is 
facilitative or inhibitory depends on the 
characteristics of the lists. This is a 
finding which is in accord with implica- 
tions of the drive-dominant initial re- 
sponse analysis, but not with that of 
the interference analysis of the role of 
drive in paired-associate learning. 3 

That stress interacted with similarity 
of stimulus members but not with their 
association values supports Sheffield’s 
(1946) proposal of different bases for the 
effects of similarity and association 
values on acquisition. High similarity 
in terms of common physical elements 
may increase interstimulus generaliza- 
tion sufficiently to bring about initial 
dominance of intralist incorrect responses 
rather than of correct responses. ] 

The relatively slower learning which 
characterizes lists with stimulus members 
of low rather than of high association 
values, regardless of their similarity, 
is probably not based on interstimulus 
generalization. Responses of repeating 
stimuli of low association values pre- ` 
sumably have longer and more variable i 
latencies and durations and more vari- 
able forms than such responses to stimuli | 
with high association values. Such 
greater variability for both stimulus and 
response members in stimuli produced 
by responses of repeating the low than 
for those of high association values 
probably accounts for the direct rela- 
tionships between learning speeds and 
association values of both stimulus and 
response members. 

There was no indication that anxiety 
interacted with similarity either of 
stimulus or of response members. In 
contrast, Taylor and Chapman (1955) 
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and Taylor (1958) reported more rapid 
learning of paired-associates of low 
intralist similarity and low association 
values by Ss with high than with low 
anxiety. There is no simple explanation 
of the lack of agreement between these 
findings and those of the present study. 
Differences in the lists may be one factor. 
Also, the group procedure of administer- 
ing the paired-associates used here may 
have been sufficiently similar to class- 
room test situations to raise the anxiety 
levels of all Ss to about the same high 
levels, regardless of their manifest anxiety 
scores. 

In Exp. II, the interaction of anxiety, 
association values, and trials was just 
significant at the .05 level. Other inter- 
actions involving these variables were 
not significant. Therefore, the results 
of this study seem best interpreted as 
consistent with L’Abate’s (1959) finding 
of no interaction of anxiety and associa- 
tion values. Thus, this aspect of the 
results is not in accord with implications 
of either the drive-dominant initial 
response or interference analysis. 


SUMMARY 


In Exp. I, four lists of eight paired-asso- 
ciates representing 2 X 2 orthogonal varia- 
tions in similarity (number of letters in com- 
mon) and association values (Glaze) of non- 
sense-syllables stimulus members were learned 
under presumed drive conditions indicated by 
high or low Taylor Manifest Anxiety scores 
combined with failure stress or nonstress. 
The nonsense-syllable response members of 
these lists were of intermediate similarity 
and intermediate association values. In 
Exp. IT, the stimulus and response members 
of the four lists were reversed so that the 
response members represented 2 X 2 orthog- 
onal variations in similarity and association 
values. These lists were learned by Ss with 
high or low anxiety scores. 

For both experiments lists were adminis- 
tered for 20 learning trials by a group pro- 
cedure, The failure stress of Exp. I was 
introduced after Trials 6 and 10. 

Learning speeds varied directly with asso- 
ciation values of both stimulus and response 
members, and inversely with similarity of 
both stimulus and response members. Stress 
seemingly facilitated acquisition of lists with 
stimulus members of low similarity relative 
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to those with high similarity and retarded 
acquisition of lists with stimulus members of 
high similarity relative to those with low 
similarity. Stress had no effects on acquisi- 
tion of stimulus members of high or low 
association values; anxiety had no effects on 
acquisition of response members of varying 
similarity or association values either alone 
or in combination. The form of interaction 
of stress with similarity was consistent with 
Spence’s drive-dominant initial response 
analysis rather than with an interference 
analysis of the role of drive in complex tasks. 
However, this was the only finding which 
supported either analysis. 
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THE OBSERVING RESPONSE IN DISCRIMINATION 
LEARNING? 
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Recently, the importance of an 
orienting or observing response has 
been emphasized in the formulation 
of a general theory of discrimination 
behavior (Atkinson, 1958, 1960; Burke 
& Estes, 1957; Restle, 1959; Wyckoff, 
1952). Unfortunately, for many ex- 
perimental problems it is not clear 
how such a theory should be formal- 
ized. In particular, there are not 
enough experimental data available 
to permit a detailed specification of 
the postulates relating observing re- 
sponses and such variables as stim- 
ulus dimensions, reinforcement sched- 
ules, and stimulus schedules. The 
purpose of this study is to gain 
information about this class of rela- 
tions by modifying the typical dis- 
crimination task so that observing 
responses can be categorized and 
directly measured. 

The experimental situation is con- 
sidered as a sequence of discrete trials, 
Each trial is described in terms of the 
following classifications: 

Tı, Ta: Trial type. Each trial is either a 
Tı or a Ty. Trial type is selected by Æ 
and determines in part the stimulus event 
occurring on that trial. 

Oi, Or: Observing responses. At the start 
of each trial, S makes either an O, or Os. 
The particular observing response made 
determines in part the stimulus event for 
that trial. 

Si, Se $a: Stimulus events. Following 
the observing response, one and only one 
of these stimulus events (discriminative 
cues) occurs. On a 7; trial, sı or se can 
occur; on a T3 trial, $2 Or Se can occur. 


1This research was supported by the 
Office of Naval Research under Contract 
Nonr 233(58). 


A, As: Discrimination responses. On 
each trial S makes either an A, or A: 
response to the presentation of the stimulus 
event, 

Ey, Ex: Reinforcing events. The trial is 
terminated with the occurrence of one of 
these events. An Æ, indicates that A, 
was the correct response for that trial and 
Ez indicates that A» was correct. 


The sequence of events on a trial is as 
follows: (a) ready signal occurs and .S makes 
either an O; or 0z; (b) following the observing 
response 5), $n OF Se is presented; (c) to the 
onset of s: S makes either A; or As; (d) the 
trial is terminated with reinforcing event 
E, or Es. 

The trial type and reinforcing event are 
determined by Æ. The probability of an Æ; 
event on a T; trial is denoted by r, and the 
probability of an Æ, event on a Ts trial is 
denoted by ms. Consequently, the probability 
of an Es is 1 — rı on a T; trial and 1 — rs 
on a Ts trial. The two types of trials are 
equiprobable in the present experiment, 

The particular s event that is presented 
on any trial depends on the trial type and 
the observing response. If an O, is made, 
then (a) with probability a the sı event 
occurs on a T; trial and the s, event occurs 
on a Ts trial, and (b) with probability 1 — a 
the se event occurs, regardless of the trial 
type. If an Osis made, then (a) with prob- 
ability æ the se event occurs, regardless of 
the trial type, and (b) with probability 1 — a 
the sı event occurs on a T; trial and the s 
event occurs on a T; trial. 

To clarify the experimental procedure, 
consider a case where a= 1, x = 1, and 
=: = 0. If Sis to be correct on every trial, 
he must make an A; on a T; trial and an Ay 
on a Ta trial. However, S can gain informa- 
tion about the trial type only by making 
the appropriate observing response. That is, 
O, must be made in order to identify the trial 
type; the occurrence of Oz always leads to the 
presentation of se Hence, for perfect re- 
sponding in this case, S must make the 0; 
response with probability 1 and then make A; 
to sı or Az to Sa. 
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The aim of this study is to investi- 
gate the effect of various event sched- 
ules on observing behavior. In par- 
ticular, we are interested in the values 
of Tı, Ta and a as determiners of the 
probability of an O, response. 


THEORY 


The analysis of the data will be or- 
ganized within the framework of a 
Markov chain model which is closely 
related to stimulus sampling theory as 
first formulated by Estes (1950) and 
Estes and Burke (1953). The mathe- 
matical techniques for the model con- 
sidered in this paper have been presented 
in detail elsewhere (Atkinson, 1960; 
Suppes & Atkinson, 1960) and the 
reader is referred there for a rigorous 
development. 

The basic assumption for observing 
responses is that if O;(¢ = 1, 2) occurs 
and leads to the selection of a stimulus 
which in turn elicits a correct discrimi- 
nation response, then S will tend to 
repeat that observing response on the 
next trial. However, if O: occurs and 
leads to the selection of a stimulus which 
elicits an incorrect discrimination re- 
sponse, then S will tend not to repeat 
that observing response on the next 
trial. Conceptually, this assumption is 
similar to that proposed by Wyckoff 
(1952) and Atkinson (1958). 

It is next assumed that S can be 
described by an ordered four-tuple at 
the start of trial n where (a) the first 
member is 1 or 2 and indicates whether 
O; or Oz will be made on trial n, (b) the 
second member is 1 or 2 and indicates 
whether sı is conditioned to A; or to A» 
(i.e whether A; or As will occur if sı 
is presented), (c) the third member is 
1 or 2 and indicates whether s is condi- 
tioned to A; or to Az, and (d) the fourth 
member is 1 or 2 and indicates whether 
s2 is conditioned to A; or to A». 

These four-tuples will be referred to 
as subject states and assigned identifying 
numbers as follows: 


1. (1111) $. (1211) 
2. (4112) 6, (1212) 
3. (1121) 7. (1221) 
4. (1122) 8. (1222) 


9. (2111) 
10. (2112) 
11. (2121) 
12. (2122) 


13. (2211) 
14. (2212) 
15, (2221) 
16. (2222) 
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From trial to trial S may chan, 
states depending on the sequence 
responses and reinforcements. The pos- 
sible changes are specified by the fol“ 
lowing axioms: 

Axiom 1: With probability 6’ the 
se(R = 1, 2, c) stimulus presented on” 
trial » will become conditioned to the 
reinforced response; if it is already 
conditioned to that response it remains” 
so. (For example, if sx is presented and 
followed by E; then with probability 6” 
it will become conditioned to Aj.) 

Axiom 2: If O,;(¢ = 1, 2) is made on © 
trial n and followed by an są which elicits 
a correct discrimination response, then 
S will repeat the same observing response 
on the next trial. However, if O; is made 
and followed by an incorrect discrimina- 
tion response, then with probability 6” 
S will make the other observing response 
on the next trial. 

From these assumptions and the event 
schedules employed in this experiment, 
it can be shown that the sequence of 
random variables which take the subject” 
states as values is an irreducible, aperi- 
odic Markov chain. This means among 
other things that a transition matrix 
(pi; ] may be derived from these assump- 
tions where p;; is the conditional prob- 
ability of being in state j on trial n + 1 
given state 7 on trial n. The learning 
process is completely characterized by” 
these transition probabilities and the 
initial probability distribution on states. 

To clarify the application of the axioms “ 
we derive one element of [p;;]. Assume 
S is in State 1211 at the start of Trial m 
and Tı £ is selected by Æ with prob- 
ability 3m. Then an O; occurs with” 
probability 1 and an s; is presented with 
probability a; to the presentation of $i 
an Ay is made. The S’s discrimination 
response was incorrect and therefore 
with probability @” the observing re 
sponse changes from 0; to O». Also, with” 
independent probability 6’ the condition- 
ing of sı changes from As to Ay. Multi- 
plication of the conditional probabilities” 
yields the probability of going from State 
1211 to State 2111; i.e., ps, = rabh! ; 

In this paper, we shall be primarily 
interested in the asymptotic behavior of 
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S. Consequently, pi; is defined as the 
probability of being in state j on trial 
n-+ 1, given that on Trial 1 S was in 
State i. Then the following limit exists 
and is independent of i, 
uj = lim pi;5™. 
n>m 

The quantity u; can be interpreted 
as the asymptotic probability of being 
in state j no matter what the initial 
distribution. Experimentally, we will 
be interested in evaluating the following 
theoretical predictions : 


Po (01) =u uot ust ta 
Fust tst trt us 


Pol(Ai| Ti) = urt ust ust tio 
Halus Hust unst un] 
+ (t1—a) [ust tst untu] 


Pa (Ay| T2) = tat ust tottis 
+a[us+ urt tiot ts | 
+(1—a)[us ust unt us] 


Pa (ONA) =mHatst (1—a)us 
+(@/2) Lutur] 
+ (1—a/2)[us+ us] 


Pao (ONA) = manit (1—a)un 
+E a)/2] iunt us] 
+1- (1—a)/2 [a0 u] 


[1] 


[2] 


[3] 


[4] 


[5] 


Equation 1 gives the asymptotic 
probability of an O, response. Equations 
2 and 3 present the asymptotic prob- 
ability of an Ai response on Tı and Tz 
trials, respectively. Finally, Equations 
4 and 5 present the asymptotic prob- 
ability of the joint occurrence of each 
observing response with an A, response. 


METHOD 


Experimental parameter values.—Six groups 
of Ss were tested. For all groups rı = .9. 
The groups differed with respect to the experi- 
mental parameters mz and a; three values of 
mra (.9, .5, and .1) and two values of a (1.00 and 
.75) were used. Specifically, mz = .90, a = 1.0 
(Group I); ma = .50, œ = 1.0 (Group ID; 
Ta =.10, a= 1,0 (Group III); m2 = .90, 
a@=.75 (Group IV); m2: =.50, a=.75 
(Group V); and m: = .10, œ =.75 (Group 
VI). These particular values of + were 
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selected because they had been used in 
a similar discrimination experiment where 
the observing response was not available 
(Atkinson, Bogartz, & Turner, 1959). 

Subjects —The Ss were 240 undergraduates 
obtained from introductory courses in psy- 
chology. They were randomly assigned to 
groups with the restriction of 40 Ss in each 
group. 

Apparatus.—The Ss were run in subgroups 
of two with each S seated in a private booth. 
The apparatus, viewed from within S's 
booth, consisted of a shelf at table level 
which was 30 in. wide and 13 in. deep. A 
panel 30 in. wide and 30 in. high was mounted 
vertically on the edge of the shelf farthest 
from S. Four red panel lights (the s; stimuli) 
were in a column and centered on the vertical 
panel; the bottom light was 20 in. from the 
base of the panel; the others were spaced 
above each other at 1}-in. intervals. Two 
silent operating keys (the Ai and Az responses) 
were each mounted 1} in, in from the edge 
of the shelf facing S; these keys were 14 in. 
apart and centered on the column of red lights. 
On the shelf, 1 in. behind each of these keys, 
was a white panel light (Z; and Ey events). 
Two additional silent operating keys (the 
O, and Oz responses) were each mounted 6 in. 
in from the rear edge of the shelf; these keys 
were 2 in. apart and also centered on the red 
lights. A green light (the signal) was cen- 
tered 3 in. behind the observing response 
keys on the shelf. The presentation and 
duration of the lights were automatically 
controlled. 

Procedure:-—Within each of the six experi- 
mental groups, four subgroups of 10 Ss were 
formed by counterbalancing right and left 
positions of the observing response and the 
discrimination response keys. For each S one 
of the four red lights was randomly desig- 
nated sı, another se, and another s2; the fourth 
light was not used. 

The Ss were read the following instructions: 


The present study is designed to deter- 
mine how well you can do on a very difficult 
pattern recognition problem. We run 
subjects in pairs to save time, but you are 
both working on completely different 
problems. The experiment for each of 
you consists of a series of trials. The green 
light on your panel will go on to indicate 
the start of each trial. Some time later, 
one or the other of the two lower white 
lights will go on. Your job is to predict 
on each trial which one of the two white 
lights will go on and to indicate your 
prediction by pressing one of the two 
lower keys. 
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However, before you make your predic- 
tion you will receive additional information. 
That is, as soon as the green light goes on, 
press one or the other of the two upper 
keys—which key you press is up to you. 
Shortly thereafter, one of the four red 
lights will go on. The particular red light 
which goes on depends in part on the key 
you press. Further, the red light which 
goes on will help you in making your 
prediction as to which white light goes on. 
After you have seen one of the red lights 
go on, you will then predict which white 
light will go on by pressing the proper key. 
That is, if you expect the left white light 
to go on, press the left lower key, and if 
you expect the right white light to go on, 
press the right lower key. If the light above 
the key you pressed goes on, your predic- 
tion was correct, but if the light above the 
key opposite from the one you pressed goes 
on, you were incorrect and should have 
pressed the other key. Thus, for a single 
trial, the sequence of events is as follows: 
(1) the green light goes on to signal the 
start of the trial, (2) you press one of the 


P(A,|T) 


4 


40- TRIAL BLOCKS 


The average proportion of A; responses on T-type trials in successive 
blocks of 40 trials. 


Fic. 1. 
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5 


two upper keys, (3) one of the red li 
will go on, (4) you press one of the 
lower keys, (5) if the white light goes 
above the key you pressed, your pred 
was correct; if the light above the 
opposite from the one you pressed 
on, you were incorrect and should hav 
pressed the other key. 


Questions were answered by paraphra 
the appropriate part of the instructio: 
Following the instructions, 200 trials we 
run in continuous sequence. This sequen 
was followed by a 5-min. rest period; durit 
this period no questions referring to 
experiment were answered by Æ, and Ss 
not allowed to discuss the experiment, 
Following the rest, 200 additional trials were’ 
run, For each S, random sequences of s; and 
E; events were generated in accordance with 
assigned values of mı, me, a, and the observed 
O; responses. 

On all trials, the signal light was light 
for 2 sec. The appropriate s; stimulus lig! 
immediately followed the cessation of the 
signal light and remained on for 3 sec, After 
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The average proportion of A; responses on T2-type trials in successive 


blocks of 40 trials. 


the offset of the s; light, one of the reinforcing 
lights went on for 2 sec. The time between 
the offset of the reinforcing light and the 
onset of the signal light for the next trial 
was 3 sec. 


RESULTS AND DISCUSSION 


Mean learning curves and asymp- 
totic results——Figure 1 presents the 
average proportion of A, responses on 
T1-type trials in successive blocks of 
40 trials. For each S the proportion 
of A;’son T; trials was tabulated for a 
40-trial block, and these quantities 
were then averaged over Ss. Simi- 
larly, Fig. 2 presents the average 
proportion of Ars on T>-type trials 
in successive blocks of 40 trials. 
Finally, Fig. 3 presents the average 
proportion of QO; responses. In all 
three figures the curves appear to be 
reasonably stable over the last half 
of the experiment. Consequently, 


the proportions computed over the 
final block of 160 trials were used as 
estimates of asymptotic performance. 

Table 1 presents the observed mean 
proportions over the last 160-trial 
block and the related SDs. The 
observed values of P»(A1|T;) were 
computed as indicated in the descrip- 
tion of Fig. 1 and 2. The observed 
values of Pa (0:41) were computed 
by obtaining, for individual Ss, the 
proportion of trials on which both 
the A; response and the O; response 
occurred and then averaging over 
Ss. 

The yalues predicted by the model 
are also presented in Table 1 for the 
case where 6’ = 0” = 0. Expressions 
for the us were derived by standard 
methods (Feller, 1957), and then 
combined by Equations 1-5 to predict 
the response probabilities. The com- 
putations were performed at the 
Western Data Processing Center on 
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TABLE 1 


PREDICTED AND OBSERVED RESPONSE PROBABILITIES OVER THE Last BLOCK 
or 160 TRIALS 
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40- TRIAL BLOCKS 


Fic. 3. The average proportion of 0; responses in successive blocks of 40 trials. 


Group I Group II 
Pred. | Obs. | SD | Pred. | Obs. | SD | Pred. 
P.(A1|T1) 90 94 | 014 81 85 164 719 
P..(A;|T2) 90 94 014 59 61 134 21 
2 O1 50 A5 -279 55 59 .279 13 
P.(Oi\M Ai) AS 43 266 39 A2 226 sou 
P.(ONA1) AS AT .293 Jl fil .232 Bk} 

Group IV Group V 
Pred. | Obs. | SD | Pred. | Obs. | SD | Pred. 
P.(A;|Ti) 90 93 063 80 82 114 HEI 
PelAı|T:) -90 95 014 -60 .68 | .114 2 
P.(0;) 49 .50 | .257 92 53 305 63 
P.(OiNA1) 44 AT 241 Eh 38 -219 32 
P..(O2A1) 46 AT 247 34 36 .272 249. 

an IBM 709 computer.2 By present- quantity in Table 1 we imply | 


ing a single value for each theoretical 


2 The program or punch program deck is 
available to anyone interested in generating 
theoretical results for parameter values not 
considered in this paper. 


these predicted proportions are m€ 
pendent of @. Actually this is 2 : 
always the case. However fo 
event schedules employed in 
experiment the dependency 
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theoretical proportions on @ is negli- 
gible. For @ ranging over the interval 
.00001 to 1.0 the values of the pre- 
dicted proportions are affected in only 
the third or fourth decimal place; 
it is for this reason that we present 
theoretical values to only two decimal 
places.’ 

In view of these comments it should 
be clear that the predictions in Table 
1 are based solely on the experi- 
mentally assigned values of mı, 72, and 
a. Thus, they are entirely a priori 
and do not make use of any param- 
eters evaluated from the data. Con- 
sequently, differences between Ss, 
which can be represented by inter-S 
variability in 0, do not substantially 
affect these asymptotic predictions. 
Of course, this implies that the ob- 
served proportions for individual Ss 
and also proportions averaged over Ss 
should both approach these predicted 
values with increasing sample size. 

An inspection of Table 1 indicates 
good agreement between observed and 
predicted quantities. The observed 
value of P..(A1|71) decreases from 
Groups I to III and also from Groups 
IV to VI as predicted by the model. 
Similarly the observed values of 
P.(A1|T2) decrease from I to III 
and from IV to VI as expected. 
Column comparisons are also in the 
appropriate order, that is, on this 
measure Group I is less than IV, II 
is less than V, and III is less than VI. 
Thus, as we increase the frequency 
of reinforcing the Az response on Ts 
trials, we not only observe an incre- 
ment in Pe(42| T2) but also a decre- 
ment in P.(A1|T1)- 

For P..(0;), an increase occurs from 
Groups I to III and from Groups 
IV to VI in accordance with theo- 
retical results. That is, the propor- 


3 Essentially the same statement holds 
for 6 6’. However, in some cases the 
dependency is slightly larger. 
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TABLE 2 


ANALYSIS OF VARIANCE OF THE NUMBER OF 01 
RESPONSES IN THE Last BLOCK 
or 160 TRIALS 


Source df MS F 
a (values of 72) 2 | 27,533.2 | 13,8* 
a values 1 113.4 | 0.1 
O (0; left or right) 1 | 22,253.0 | 11,1* 
A (A, left or right) 1 44.2} 0.0 
Interactions (11) 18 — 
Within 216| 2,000.7 


3 None significant at .05 level. 
*P <.001. 


tion of O; responses increases as a func- 
tion of the difference between rı and 
m2; of course, this result would be 
expected in view of the fact that 
differential reinforcement for the ob- 
serving responses depends on the 
difference between the reinforcement 
schedules on 7; and T; trials. How- 
ever, column comparisons on the 
P.(O1) measure for I-IV and II-VI 
are in the reverse order; the difference 
on the P..(01) measure is particularly 
large for Group VI. This difference 
between data and theory for Group 
VI is also reflected in P..(O2()A1); 
in fact, the discrepancies of these two 
quantities from predicted values are 
greater than any of the others in 
Table 1. 

An analysis of variance on the 
number of O, responses in the last 
block of 160 trials is presented in 
Table 2. The effects of the O, and A, 
placements on S's panel (ie., right 
or left) are included in the analysis. 
The effect of the -variable is highly 
significant as would be expected. 
However, the a-variable is not sig- 
nificant. This finding might have 
been anticipated since the theoretical 
prediction for the over-all effect of 
a is small for the parameter values 
used in this study. The most un- 
expected result of the analysis is with 
regard to the observing response 
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variable; the placement of the O, 
key turns out to be highly significant 
while the placement oftthe 4; key has 
no effect. Over all groups and Ss 
for the last 160 trials, the right hand 
observing response key was chosen 
on 55% of the trials while the right 
hand A; key was selected on 50% 
of the trials. This right position 
preference on the observing response 
keys is particularly surprising in view 
of the fact that no similar preference 
exists for the A; key. Several vari- 
ables may account for this finding ; 
for example, the observing response 
keys are in juxtaposition while the A i 
keys are well separated; also, the 
observing response keys are further 
from S than the A; keys. 


In order to evaluate statistically the 
adequacy of the present model we have 
run a test suggested by Pillai and 
Ramachandran (1954) on the P,(01) 
measure. The test involves taking the 
largest absolute difference between an 
observed mean value and the predicted 
value in a collection of samples (in this 
case six). This difference is then divided 
by an over-all estimate of the standard 
error of the mean, that is, it is assumed 
that the observations are randomly 
selected from populations with homo- 
geneous variance. As noted above, the 
largest discrepancy on the P.,(0;) meas- 
ure occurs for Group VI. The predicted 
number of Os in the last block of 160 
trials was 100.8 and the observed mean 
value was 115.7. The within-cells term 
in Table 2 was used to estimate the 
standard error of the mean, and in terms 
of Cochran's test there was no reason 
to reject the assumption of homogeneous 
variance. The obtained value of the 
Pillai-Ramachandran statistic was 2.1 
and was not significant at the .05 level. 
Consequently, in terms of this particular 
statistical criterion there is no evidence 
to suggest that we reject the present 
model. 
|. As noted earlier, not only group means 
but also the responses of individual Ss 
should approach the theoretical values 
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presented in Table 1. 
correspondence between individual as- 
ymptotic behavior and predicted values 
is equivalent to evaluating the agreement 
between observed SDs presented in 
Table 1 and asymptotic variability 
predicted by the model. Unfortunately 
direct computation of the theoretical 
SD is extremely cumbrous, and we have 
not obtained an analytical result. How- 
ever, research reported by Suppes and 
Atkinson (1960) dealing with a similar 
model found that observed SDs were 
substantially larger than predicted val- 
ues. Considering the rather large SDs 
reported here, their finding may be 
applicable to this set of data, 


Transition characteristics —A basic 
assumption in the model requires that 
if S is correct on trial n (i.e., AE 
or A-E» occurs) then on trial n +1 
he will repeat the observing response 
made on trial n. However, if S$ 
is incorrect (i.e, AE: or AxB 
occurs) then with probability 6” he 
will shift observing responses from 
trial n to n +1. This is a strong 
assumption and yields a highly deter- 
ministic set of predictions; for ex- 
ample, repetition of an observing 
response with probability 1 if S 
is correct on the preceding trial. 
On the other hand, a weaker form 
of the assumption which requires only 
a greater probability of observing 
response alternation following trials 
on which incorrect as compared to 
correct discrimination responses occur 
seems to be a reasonable conjecture 
for this type of problem. To test 
this class of assumptions we have 
computed the proportions of observ- 
ing response alternations conditional- 
ized on correct and incorrect dis- 
crimination responses over the last 
160 trials. Let N,(s|c) denote the 
number of Ss who were correct on trial 
n — 1 and shifted observing responses 
from trial n — 1 to n; also, let Nn(o) 
be the number of Ss who were correct 


A check on the 
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on trial n. Similarly, define W,,(s|é) 
and N,(é) in terms of incorrect re- 


sponses. Further, define 
400 
M(s|c) = Z Nal(sic) 
n=241 
and 
399 
Nl) = 2 Na(c) 


and define N(s|ēč) and N(é) simi- 
larly. Then estimates of the condi- 
tional probabilities of shifting ob- 
serving responses following correct or 
incorrect discrimination responses are, 
respectively, 


Pola = Zep, 
Pila = zea 


Table 3 presents the observed data 
for each of the groups. No statistical 
test is needed to see that these ob- 
served transition probabilities differ 
significantly from theoretical values. 
It suffices to note that theoretically 
P(s|c) should be identically zero for 
all groups whereas the observed values 
of this quantity differ markedly from 
zero. Without regard to the specific 
assumption considered in this paper, 
the question can be raised as to 
whether or not shifting of an observing 
response is more likely following in- 
correct or correct trials, that is whether 
Pisa) is greater than P(s|c). A for- 
mal test of this hypothesis is a complex 
matter and we do not attempt it here. 
However note that for five of the six 
groups P (s|@) is greater than P(s|c). 
Further, the difference between these 
quantities increases as mz decreases; 
that is, the difference increases from 
Groups I to III and from Groups 
IV to VI. 
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TABLE 3 


TRANSITION FREQUENCIES AND ESTIMATED 
PROPORTIONS OVER THE Last BLOCK 
oF 160 TRIALS 


Groups 


I II Ill IV V VI 


1610 | 880 | 933 [1617 | 883 | 735 
5388 |4080 |4664 |5463 |4032 |4350 


Nslo) 
N(c) 


N(s|č) | 275 | 520 | 446 | 266 | 517 | 524 
N(e) 973 |2280 |1696 | 897 |2328 |2010 
P(s|c) |.299 |.216 |.200 |.296 |.219 |.169 
P(s|č) |.283 |.228 |.263 | .297 | .222 |.261 


In conclusion, the rather striking cor- 
respondence between theoretical and 
observed values in Table 1 lends con- 
siderable support to the main features 
of the model. For the type of discrimi- 
nation problem considered in this paper, 
it seems clear that asymptotic behavior 
can be predicted with accuracy in terms 
of the particular relations we have 
postulated among reinforcement sched- 
ules, observing responses, and discrimi- 
nation responses. However, the sequen- 
tial data reported in Table 3 indicate 
that some of the detailed features of the 
stimulus sampling process assumed in the 
model are certainly incorrect; this finding 
is not too surprising in view of related 
research on similar Markov chain models. 
Fortunately, within the framework of 
stimulus sampling theory, one can re- 
state our axioms in only slightly modi- 
fied form and thereby avoid the com- 
pletely deterministic predictions made 
by the present model for sequential data. 
The disadvantage of such a reformula- 
tion is that the mathematical complexity 
of the model is greatly increased. The 
reader interested in details of such 
modifications is referred to Suppes and 
Atkinson (1960). 


SUMMARY 


An analysis of observing responses in 
discrimination learning was made. The 
typical discrimination task was modified so 
that two mutually exclusive and exhaustive 
observing responses could be identifed and 
directly recorded. The experimental situa- 
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tion involved a series of 400 trials, each trial 
belonging to one of two types (Tı or T). 
The sequence of events on a trial was as 
follows: (a) ready signal to which S made an 
observing response; (b) the presentation of 
one of three stimuli; (c) occurrence of one of 
two discrimination responses to the stimulus 
presentation; (d) termination of the trial with 
the reinforcement of a discrimination response. 
The particular stimulus presented on a trial 
depended on the observing response and the 
trial type. Following one of the observing 
responses, different stimuli were presented on 
Tı and T+ trials so that it was possible for S 
to identify the trial type; following the other 
observing response, the same stimulus was 
presented on both types of trials and hence S 
could not identify the trial type. 

Six groups of college students were tested. 
The major independent variable specified 
different pairs of reinforcement schedules for 
the two trial types. The results indicated a 
highly predictable relation between the selec- 
tion of observing responses and reinforcement 
schedules. In general, the greater the differ- 
ence between the reinforcement schedules on 
Tı and T, trials, the greater the preference 
for one observing response over the other. 
The analysis of the data was in terms of a 
Markov chain model which is closely related 
to stimulus sampling theory. There was 
excellent agreement between theoretical and 
observed values on asymptotic measures of 
observing and discrimination responses. How- 
ever, an analysis of the sequential data 
indicated certain difficulties with the model. 
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INTERACTION OF LACK OF SLEEP WITH KNOWLEDGE 
OF RESULTS, REPEATED TESTING, AND 
INDIVIDUAL DIFFERENCES ! 


ROBERT T. WILKINSON 
Applied Psychology Research Unit, Cambridge, England 


It has been established (Pepler, 
1959; Wilkinson, 1958, 1959) that 
30 hr. loss of sleep causes a decline in 
efficiency towards the end of 25 min. 
continuous work on Leonard’s 5- 
Choice Test of Serial Reaction, a task 
in which a series of repeated simple 
choices have to be made as quickly 
and accurately as possible. These 
studies also suggested that this effect 
of lack of sleep changes little when 
the environmental warmth is in- 
creased and when periodic rest pauses 
are introduced. These negative re- 
sults tell us a little about the nature 
and action of the stress but, perhaps, 
much more might be learned if we 
could find factors which influence its 
effect positively, either increasing 
or decreasing it. The present experi- 
ment has continued the search by 
examining whether the effect of lack 
of sleep changes, firstly as we increase 
feedback of knowledge of results 
(KR) in the test and, secondly, as S 
becomes more familiar with the test 
and with the stress. A final question 
was whether Ss are consistent in the 
degree to which they are affected by 
lack of sleep. The two last-named 
issues were examined by having each 
S repeat an original 2-wk. program 


1 The Royal Navy supported this work by 
contributing Ss, administrative help, and 
financial assistance through the Royal Naval 
Personnel Research Committee of the Medical 
Research Council of the United Kingdom. 
The work owes much to the influence of 
N. H. Mackworth and D. E. Broadbent, 
successive Directors of the Applied Psy- 
chology Research Unit where it was carried 
out. 


of testing twice so that their tests 
covered a period of 6 wk. Perform- 
ances after sleep and no sleep on both 
an individual and a group basis could 
then be compared over successive, 
identical 2-wk. periods. 


METHOD 


Subjects. —The Ss were 12 enlisted men 
between the ages of 18 and 30 yr. All were 
volunteers to undergo sleep deprivation. 
They were quartered near the laboratory for 
6 wk. to act as Ss in this experiment, and 
during this period they lived and worked 
together as a close social group. 

Apparatus and procedure.—The apparatus 
and form of the 5-Choice Test of Serial 
Reaction has been described fully by Leonard 
(1959) and Wilkinson (1958). Briefly, there 
are five metal contacts and five associated 
bulbs. At the start of the test one of the bulbs 
is lighted and S taps the corresponding disc 
with a stylus; this causes the bulb to go out 
and another to light up, whereupon S again 
taps the appropriate disc, and so the cycle 
continues. The order in which the bulbs 
light up over successive taps is prearranged 
to appear random, and the task is merely 
to go on tapping the contact whose light comes 
on as quickly and as accurately as possible 
for 30 min. Scores are registered on three 
counters whose readings are recorded by E 
at the end of each 5-min. period of the test. 
One counter gives the number of correct taps 
made, another counter records an error when- 
ever S taps the wrong disc; a third counts the 
number of gaps or occasions when S allows a 
period of 1.5 sec. or more to elapse between 
successive taps. 

The variable of KR—The test can take 
two forms, one with very complete feedback 
of KR and one where this feedback is at a 
minimum. In the former, S hears a bellnote 
whenever he makes an error and a buzz as soon 
as 1.5 sec. have elapsed since his last response, 
i.e., when he has scored a gap. Every 5 min. 
he hears E’s voice through a loud-speaker tell- 


263 


264 


TABLE 1 


DISTRIBUTION OF CONDITIONS AMONG TEAMS 
AND OVER Days IN EACH OF THREE 
2-Wx. PERIODS 


Day 1 Day 2 Day 3 Day 4 
Team (Tues- (Thurs- | (Tues- | (Thurs- 
day) day) day) day) 
A (3 Ss) | S:KR NS:KR_| NS:NKR| S:NKR 
BG 3 S:NKR | NS:NKR| N: R |S:KR 
C (3 Ss) | NS:KR :KR S:NKR |NS:NKR 
D (3 Ss) | NS:NKR| S:NKR |S:KR NS:KR 


Note.—S: KR =sleep—knowledge of results; S: NKR 
=sleep—no knowledge of results; NS: KR =no sleep— 
knowledge of results; NS: NKR =no sleep—no knowl- 
edge of results. 


ing him his scores of corrects and errors for 
the previous 5 min. work, and relating these 
to scores in the penultimate 5 min. by the 
comments, “Better,” “Worse,” or “No 
change.” On the day following the test the 
full scores are published for all Ss to see. 
In the other form of the test nothing is done 
to give Ss any information on their perform- 
ance. They hear E’s voice every 5 min., but 
he merely recites a short series of meaningless 
letters; about the same number of bells and 
buzzes are heard as in the comparable tests 
under full KR, but here they bear no relation 
to the incidence of errors and gaps and S 
knows this; finally, no results are published, 

On the day preceding the first test Ss were 
fully acquainted with the procedures de- 
scribed above and were also given 5 min. 
practice on each form of the test. 

The variable of lack of sleep—The method 
of sleep deprivation has been described fully 
elsewhere (Wilkinson, 1958). Tests after 
loss of sleep were always carried out at the 
same time of the day as the control tests, 
They differed from the latter only in that 
they employed Ss who had foregone normal 
sleep the night before; these Ss, staying awake 
in groups of three, were allowed to amuse 
themselves, under supervision, in their recrea- 
tion room. No tests were given during the 
night. 

Design.—The tests were carried out in 
four conditions: with KR after normal sleep, 
with KR after no sleep the previous night, 
with no KR after normal sleep, and with no 
KR after no sleep, The Ss were tested on the 
Tuesday and Thursday of six consecutive 
weeks and by the end of the first 2 wk. each 
one had met each of the four conditions once 
in an order prescribed by his team as shown 
in Table 1. The second and third 2 wk. of 
the 6-wk. program were for each San identical 
repetition of the first. 
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RESULTS 


Figure 1 is a comprehensive repre- 
sentation of the results, averaged over 
all 12 Ss, in terms of gaps, corrects, 
and errors. In each of these cate- 
gories three graphs are shown, one 
for each 2-wk. period; these show the 
average score in the four conditions 
over each 5-min. period of the test. 

No sleep and no KR.—Figure 
shows that these main effects were 
large and that they varied along the 
time-base of individual tests and 
along that of the 6-wk. program of 
tests. While this influence of time 
is important it may be simpler to 
ignore it for the present and assess 
these main effects on the basis of the 
total scores in the four conditions 
over the whole 6 wk. of testing. 
During this period each S met each 
combination of sleep or no sleep with 
KR or no KR three times. The dif- 
ference between his scores in the sleep 
and no sleep tests will give an index 
of what we will call his ‘‘no-sleep im- 
pairment” or the degree to which his 
performance was impaired as a result 
of losing sleep. Dealing similarly 
with the tests with and without KR 
we can obtain an index of a “no KR 
impairment.” Theseindicesareshown 
in Table 2 derived from total scores 
of gaps, corrects, and errors in the 
four condition-combinations. Their 
significance is assessed by the non- 
parametric procedure of Wilcoxon 
(1949). Table 2 also shows the inter- 
action of lack of sleep with no KR. 
This is obtained by taking the differ- 
ence between no-sleep impairments 
in the tests with and without KR, 
the significance being assessed as 
before. 

Lack of sleep caused a reduction in 
corrects (P < .01) and an increase in 
gaps (P <.01). Errors were in- 
creased also but not significantly. 
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TABLE 2 
Errect or No SLEEP (NS), KR, AND THEIR INTERACTION 
Scores Per Test Averaged Over All Ss 
Conditions 

Gaps Corrects Errors 
S:KR Test: 7.1 2906 22.6 
S:NKR Tests 14.3 2827 33.5 
NS: KR Tests 16,1 2696 20.1 
NS:NKR Tests 66.3 2464 49.3 
NS Impairment: s 
(NS:KR + NS:NKR) — (S:KR + S:NKR) +61.0** —573** +13.3 
NK Impairment: 
(S:NKR +NS:NKR) — (S:KR + NS:KR) +57.4** —311* +40.1** 
Interaction : r 
(NS:NKR — S:NKR) — (NS:KR — S:KR) +43.0%* | | —153 +18.3 


Note.—Impairments and positive interactions appear as negative in corrects, 
MP <'.05, 


P< .01, 


The stress of no KR reduced corrects 
(P <.02) and increased gaps (P <.01) 
and errors (P < .001). The effect 
of lack of sleep was significantly 
greater when no KR was given in the 
case of gaps (P < .01) and of errors 
(P < .05). A similar but insignificant 
trend (P <.1, one-tailed test) appeared 
in corrects. 

Time during the 30-min. test— 
Having established the pattern of the 
main trends, we can now turn to 
changes in performance during the 
course of the test. The scores during 
each 5-min, period are shown in 
Fig. 1, but for purposes of analysis 
the test was divided into two halves 
to obtain an index of the decrement 
in performance from first to second 
half. When this is done the scores 
reflect the same general picture as 
appears in Table 2 for overall test 
scores (i.e., first-++second half). How- 
ever there are differences in levels of 
significance which should be noted, 
Gaps show higher significance on two 
counts, the no-sleep impairment and 
the interaction. Corrects show little 
change, but errors again reveal a 
different picture of significance. The 
no-sleep impairment is now significant 


(P < .02) while the no KR impair- 
ment and the interaction cease to be. 

There are other interesting points 
arising from comparison of the trends 
in the first and second halves of the 
test of which three only are noted 
here. Firstly, as has been shown 
many times before, the adverse effect 
of lack of sleep on performance be- 
comes greater as the test wears on; 
the same holds for the stress of no 
KR, a finding not so well known from 
previous work. Secondly, there is an 
interesting contrast to be made be- 
tween gaps and corrects; the latter 
show a significant (P < .01) effect 
of lack of sleep in the first half (indeed 
the effect is significant in the first 5 
min.); gaps do not. And yet by the 
last half of the test the no-sleep im- 
pairment is highly significant in gaps 
(P < .001), more so than in corrects 
(P < .005). A puzzling situation pre- 
vails in errors; in the first half of the 
test, performance was slightly better 
with no sleep than with sleep but by 
the second half a no-sleep impairment 
in errors had appeared which is 
nearly significant at the .05 level. 
In spite of this, a significant (P <.02) 
interaction of the sleep and KR vari- 
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ables occurred in the first half which 
was reduced to insignificance in the 
last half. Presumably loss of sleep 
increases errors in the first half only 
when associated with no KR; by the 
last half the effect has spread to the 
tests where KR was given. 

Time during the program of tests.— 
Changes during the course of the 
12 tests performed by each S over a 
6-wk. period will be considered only 
as they result from lack of sleep. 
Readers interested in variation of the 
no KR impairment and the interac- 
tion can distinguish these from the 
graphs in Fig. 1. Similarly, they may 
examine changes in the main trends 
across 2-wk. periods as a function 
of the deterioration in performance 
during the course of the test. 

The no-sleep impairment increased 
from first to third 2 wk., significantly 
in the case of errors (P < .005) and 
of gaps (P < .05), but insignificantly 
in corrects, only 8 out of 12 Ss show- 
ing the effect. The Wilcoxon test 
was again used to assess these levels 
of significance on a two-tailed basis; 
this time it was based on the difference 
in the no-sleep impairments occurring 
in the first and third 2 wk. These 
trends are shown in Fig. 2. It will 
be seen that the main increase has 
occurred by the second 2 wk. in 
corrects and errors but not until the 
third in the case of gaps. Errors 
were actually fewer after no sleep 
in the first 2 wk. Similar temporal 
trends were apparent during the 
course of the individual tests. 

Consistency of Ss im  no-sleep 
impairment.—The no-sleep impair- 
ment varied greatly between Ss. If 
this index is used as a basis for rank- 
ing Ss in each 2-wk. period then these 
rankings differ little from one 2 wk. 
to the next; those men who showed 
a large effect of lack of sleep in the 
first did the same in the second and 
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Fic. 2. Change in the impairment of 
performance due to lack of sleep over three 
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third. This effect was significant in 
errors (P <.05) and corrects (P <.05) 
but not in gaps (P <.2)?. This 
consistency suggests that there are 
indeed real differences in the extent 
to which individuals are affected by 
lack of sleep. 


2 The significance of these results was 
assessed by calculating Kendall's coefficient 
of concordance of the rankings in each team 
of 3 Ss across 2-wk. periods. The method 
is described by Siegel (1956, p. 229). Prob- 
ability values of the coefficients of con- 
cordance for each team were then combined 
to give an overall level of significance of the 
concordance of the rankings of all 12 Ss 
across 2-wk. periods; this was thus independ- 
ent of any concordance between teams due 
to their being consistently treated differently, 
i.e., with respect to the order in which they 
were given the four conditions (see Table 1). 
This is a relatively insensitive measure of 
significance being based only on 8 df; that .05 
levels of significance were reached in spite 
of this encourages the view that in an experi- 
ment designed solely to investigate this 
question the same results would appear at 
much higher levels of significance. 
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DISCUSSION 


It is known that 30 hr. loss of sleep 
impairs performance in Leonard’s 5- 
Choice Test of Serial Reaction. There 
is no need to restate the implications 
of this result; instead we have to discuss 
firstly how the effect varies as a change 
is made in the amount of incentive as 
determined by the feedback of KR. 
This question was examined in an earlier 
pilot experiment (Wilkinson, 1957, 1958) ; 
when the test was changed by adding 
KR the effect of lack of sleep upon it was 
substantially reduced. Some doubt was 
cast on this result when Williams, 
Lubin, and Goodnow (1959) found a 
relatively small and insignificant effect 
of letting S see his successive reaction 
times registering on a timer during a 
very simple test of serial reaction (which 
they rather challengeably describe as a 
vigilance task). One of the objects of 
the present experiment therefore was to 
check our earlier conclusion; it has been 
confirmed at a high level of confidence. 
The failure of the result of Williams et al. 
(1959) to reach significance may be due 
to the moderate nature of their feedback 
of KR, a possibility they themselves 
recognize, 

We know that KR tends to raise the 
level of performance (Elwell & Grindley, 
1938) and one reason for this is thought 
to be that it raises the level of motivation. 
Now we have seen that this effect is 
disproportionately large if Ss have lost 
sleep and this suggests that in this state 
the level of motivation is unduly low, 
giving KR, so to speak, more to work on. 
Thus we now have some experimental 
evidence for the suggestion often made 
that lack of sleep produces a form of 
fatigue which does not directly cause 
a work decrement but raises the thresh- 
old at which certain work motives are 
effective (Whiting & English, 1925). 

But what is motivation? A series of 
papers most of which have been men- 
tioned in reviews by Malmo (1957, 
1959), have sought to wed it to the 
concept of arousal. Although it must 
be conceded that the courtship has had 
its setbacks there certainly seems to be 


ROBERT T. WILKINSON 


some relation between the level of acti- 
vation or arousal of the body and level 
of performance (Bartoshuk, 1955; Sur- 
willo, 1956), and with motivational vari- 
ables which may influence this, for 
example, KR (Stennett, 1957), electric 
shock (Schnore, 1959), and interest 
content of a piece of work (Bartoshuk, 
1956; Wallerstein, 1954). The present 
result provides further evidence for this 
by showing that a motivating influence 
(KR) can cancel the effects of an influ- 
ence which according to the EEG find- 
ings of Bjerner (1949) and Armington 
and Mitnick (1959) makes for lowered 
arousal, namely lack of sleep. An im- 
portant proviso to this is probably that 
the whole transaction must take place 
in the relatively low region of the arousal 
continuum, that is along the ascending 
arm of the inverted-U function which 
Duffy (1934), Freeman (1948), and 
Hebb (1955) have postulated as a link 
between activation and performance; 
in other words the test situation must 
be uninteresting or S very sleepy. 

The interaction of two agents which 
are known to influence respectively 
motivation and arousal thus supports 
the idea of a close relation between the 
two concepts and may even suggest 
a common site of action neurologically, 
the obvious choice at our present state 
of knowledge being the brain stem 
reticular formation. 

The second question raised by the 
present study concerns the influence of 
familiarity with the task and with the 
experience of going without sleep. Over 
a period of 6 wk. the present Ss were 
repeatedly exposed to the same task and 
the same loss of one night’s sleep. To 
the present author's knowledge this has 
been done only once before (Lee & 
Kleitman, 1923) but only one S was used 
and the outcome was inconclusive. The 
Present results show at moderate but 
acceptable levels of significance that the 
influence of this familiarity was to 
heighten the effect of lack of sleep on the 
task. Three explanations may be con- 
sidered : the first is that losing one night's 
sleep a week for 6 wk. has a cumulative 
effect. This seems unlikely; present Ss 
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had a whole week to recover from each 
night awake and the admittedly limited 
evidence we have suggests that one or 
two nights’ normal sleep will suffice to 
remove the effects of a term of sleep- 
deprivation much longer than this. 
The second possibility is that after Ss 
have foregone a night’s sleep on six 
separate occasions the experience loses 
its novelty; Ss may no longer feel 
challenged to make the extra effort 
which has often been held responsible 
for the failure of lack of sleep to affect 
performance (Edwards, 1941; Freeman, 
1932; Robinson & Hermann, 1922). In 
the present experiment the decline of 
this stimulus towards the end of the 6- 
wk. program may have produced a more 
realistic and radical picture of the effect 
of lack of sleep on performance. Finally, 
having carried out the test twice a week 
for 6 wk., the test, rather than the 
experience of losing sleep, may have lost 
its novelty. It may be that one effect 
of lack of sleep is to increase the tendency 
for attention to be distracted from the 
main task by extraneous factors, espe- 
cially when the task is one which does 
not compete well for attention. Berlyne 
(1950) has shown that decreased novelty 
can reduce a task’s ability to compete 
in this way and this might explain why 
6-wk. familiarity with the test increases 
the effect of lack of sleep upon it. 
Perhaps an important related point here 
is that the final state of decreased task 
novelty may also be a more realistic 
one in that many everyday tasks have 
reached at least a comparable state of 
familiarity. The lesson here may be 
that if we wish to assess the effect of 
lack of sleep and, indeed, that of other 
related stresses, for example noise and 
heat, on such everyday activities we may 
obtain more realistic answers from Ss 
who, as in the present experiment, have 
been made thoroughly familiar through 
practice with the stress. 

Before leaving this matter of the inter- 
action of time with lack of sleep let us 
consider what happens during the indi- 
vidual test. It is well known that the 
effect of lack of sleep on performance 
can become greater with time spent 
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continuously on the test, and we have 
seen this happen in the present experi- 
ment. But asasimilar effect hasappeared 
over the more protracted period of 6-wk. 
intermittent testing we can now com- 
pare the patterns of these two interac- 
tions. Interesting similarities exist. A 
no-sleep impairment in corrects has 
become noticeable by the second 5-min. 
period of the test and by the second 2 wk. 
of the 6-wk. program. In gaps this does 
not appear until the third 5 min. of test 
and the third 2 wk. of the program. 
Also errors show a unique pattern of 
negative impairment passing to positive 
impairment along both the 30-min. and 
the 6-wk. time scale. This correspond- 
ence suggests that the nature of the 
fatigue implied by the interaction may 
be the same whether time spent on the 
test is continuous or intermittent. This 
conclusion is in accord with that of an 
earlier study (Wilkinson, 1959) which 
discovered no difference in no-sleep im- 
pairment when a continuous test of 25 
min. was compared with a similar one 
interspersed with 30-sec. breaks. The 
influence of both these results should 
be towards lessening the emphasis placed 
by Williams, Lubin, and Goodnow (1959) 
on the importance of uninterrupted work 
in contributing to a no-sleep impairment. 
It is tempting to conclude that the main 
casual factor in the interaction of lack 
of sleep with time on task, whether 
massed or spaced, is decreasing novelty. 
Our confidence in this interpretation is 
strengthened if we can assume that 
decreased novelty implies reduced reward 
from the activity of attending to the 
test, for then the conclusion reflects in 
a different context (the interaction of 
time with lack of sleep) the main finding 
of this experiment, namely that lowered 
reward (reduced KR) increased the 
effect of lack of sleep. 

Wide individual differences exist in the 
extent to which lack of sleep impairs per- 
formance, and in studies of the subject 
it has been commonplace to note this. In 
the present experiment the consistency of 
these differences when assessed independ- 
ently over three successive 2-wk. periods 
has shown them not to be due to chance. 
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This knowledge should encourage the 
search for measures, perhaps of per- 
sonality, physique, or neurophysiological 
makeup, which correlate with them. 


SUMMARY 


The effect of one night's loss of sleep on a 
test of serial reaction was largely removed 
when the test was changed to allow greater 
feedback of knowledge of results. This 
interaction of lack of sleep with a known 
motivational factor suggests that the stress 
has one of its main effects in this area. To 
the extent that lack of sleep can be expected 
to lower arousal the result also supports 
suggestions of a close link between the 
concepts of arousal and motivation. 

A basic 2-wk. program of testing was 
repeated three times on each S so that the 
effect of lack of sleep could be assessed inde- 
pendently in each of the three 2-wk. periods. 
The adverse effect on performance increased 
over the 6 wk.; three possible causes are 
considered: (a) a cumulative effect of loss of 
one night’s sleep a week; (b) increasing 
familiarity with the stress; (c) increasing 
familiarity with the test. The two last-named 
explanations are preferred. It is suggested 
that the reduced novelty of both the stress 
and the test which prevailed during the last 
2 wk. represents a more realistic situation; 
similar “‘acclimatisation” to the experimental 
situation might be of value in the examination 
of the effects of other stresses, for example, 
noise and alcohol, where factors of motivation 
and novelty may be important. 

A further finding was that in the three 
identical and independent assessments of the 
effect of lack of sleep on the same Ss, it was 
generally the same men whose performance 
was most impaired. Real individual differ- 
ences, often suspected, are now confirmed 
and should be examined more closely. 
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FIGURE COHERENCE IN THE KINETIC DEPTH EFFECT 


BERT F. GREEN, Jr. 
Lincoln Laboratory, Massachusetts Institute of Technology 


When an observer views the two- 
dimensional (2-D) projection, e.g., 
shadow, of a moving three-dimen- 
sional (3-D) object, he usually per- 
ceives the shadow pattern as a form 
with depth. This has been called the 
Kinetic Depth Effect (KDE), Wal- 
lach and O’Connell (1953) concluded 
that an essential condition for the 
occurrence of the KDE seemed to be 
contours or lines that change their 
direction and their length simul- 
taneously. Wallach, O'Connell, and 
Neisser (1953) showed that experi- 
ence with an unfamiliar figure under- 
going the KDE led to later perception 
of depth in the stationary shadow of 
the object. Gibson and Gibson (1957) 
studied the apparent slant of a 2-D 
surface formed by a set of regular or 
irregular forms. They obtained ac- 
curate judgments of slant when these 
forms underwent the continuous per- 
spective transformations associated 
with plane rotation. Their experi- 
ments could be considered instances 
of the KDE but the Gibsons empha- 
size the importance of perspective 
for the perception of rigid motion, 
while perspective was apparently not 
an important determinant in the 
studies of Wallach et al. 

In the KDE the relative motion 
of the various parts of a 3-D figure 
provides information not only about 
depth but also about the shape of the 
figure. The visual system in some 
way transforms the relative motions 
of the shadow’s elements into the 
perception of a single rigid object, 
and this process appears to be a major 


1 Operated with support from the United 
States Army, Navy, and Air F orce. 


factor in our normal perception of 
three-dimensional objects in the world 
around us. Johansson (1958) states 
the case as follows: “Mathematical 
relationships in the continuously 
changing energy distribution on the 
retina may be substituted for the 
classical static retinal picture, as the 
source of information from the ex- 
ternal world. The substitution is 
viewed as an application of Gibson's 
gradient theory” (p. 3). It follows 
that a set of isolated dots or uncon- 
nected lines undergoing the appro- 
priate changes can be perceived as a 
coherent rigid figure. White and 
Mueser (1960) studied the accuracy 
of the perception of arrangements of 
elements in a KDE setting. They 
found that all of their figures were per- 
ceived as rigid configurations in 3-D, 
but that reproducing the exact spa- 
tial relationships among the elements 
was a difficult task. 

This paper reports a series of experi- 
ments designed to isolate the effect 
of relative movement from all other 
cues to depth and coherence. The 
experiments explore some of the con- 
ditions under which the KDE imparts 
perceived rigidity (coherence?) to ele- 
mentary patterns of dots and lines. 
The Os viewed the changing 2-D 
Projection associated with a rotating 
rigid 3-D configuration of dots or 
Straight lines, and judged the apparent 
rigidity and coherence of the configu- 
rations, i.e., the extent to which the 
elements appeared to maintain their 
relative positions in the configuration. 
Independent variables were the num- 


* Rigidity and coherence are treated as 
synonyms in this paper. 
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ber of elements in the configuration, 
the amount of constraint on the 
placement of elements, the type of 
rotation, the type of figure, and the 
speed of rotation. 


GENERAL PROCEDURE 


The stimuli were 16-mm. motion pictures 
showing the 2-D projections of rotating 3-D 
figures and were made by an animation tech- 
nique. Each frame of the film showed the 
figure’s 2-D projection from a certain 3-D 
orientation. Successive frames showed pro- 
jections from a succession of different orienta- 
tions that corresponded with a particular 
rotation of the figure. A succession of 250 
frames formed the film strip for a figure. 
Projected at a rate of 20 frames per sec., the 
strip gave a 12.5-sec. movie of a rotating 
figure. The films were produced frame- 
by-frame, by an automatic camera that 
photographed a display generated on a cath- 
ode-ray tube by a digital computer. (The 
M.I.T. Lincoln Laboratory’s Memory Test 
Computer, which has since been dismantled, 
was used to generate the stimuli in Exp. I, 
II, and III. The Laboratory's I. B. M. 704 
computer was used for Exp, IV, V, and VI.) 
The computer was programed to display 
the 2-D perspective projections of a set of 
isolated dots or straight lines whose 3-D 
coordinates were stored in the computer. 
After making the display, the computer 
actuated the camera, advancing the film 
by one frame. The computer then calculated 
new 3-D coordinates for all the points or lines 
according to specified rotation formulas and 
repeated the cycle, displaying the 2-D projec- 
tion, advancing the film, and rotating the 
figure, until the specified number of frames 
had been photographed. The particular 
series of pictures to be made on any com- 
puter run was controlled by the initial 
parameters, which included the initial co- 
ordinates of the dots or lines, the type of 
rotation, and the parameters of the rotation 
formulas. The computer program, in FOR- 
TRAN language, is available from the author. 
It is appropriate for the IBM Type 704 and 
709 computers with an on-line CRT display. 

The regular figures that we used were 
symmetric about the origin, with the origin 
being the centroid of the figure, The random 
figures were samples from a population for 
which the origin was the centroid, on the 
average. Two types of rotation were used: 
spinning about a fixed axis through the origin, 
and tumbling about the origin. In the 
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spinning rotation, the figures revolved about 
a fixed axis as the earth revolves about its 
polar axis. The axis itself was not shown— 
it was merely used to specify the direction 
of movement. (The fixed axis is the locus 
of points that do not move.) In addition to 
specifying the axis, the programer specified 
the angular velocity of the spin about the 
axis. Except in Exp. IV, where speed was 
varied, the speed was always 64°/sec for all 
figures. In the tumbling rotation, the origin 
of the 3-D coordinate system was the only 
point that remained fixed. From any one 
frame to the next the tumbling rotation 
amounted to a spin about an axis, but 
throughout the film strip, the orientation of 
the axis changed continuously. To tumble 
the figure about a fixed point (the origin of 
the coordinate system) the programer used 
Euler’s formulas (Snyder & Sisam, 1941, 
p. 42) to specify the rates of change of three 
angles, representing components of rotation 
about each of the three coordinate axes in 
turn. The speed of the tumbling rotation, 
as measured by the spin about the moving 
axis, was not constant. Also the movement 
of the axis did not have a constant velocity, 
Nevertheless the average angular velocity 
could be controlled; it was equated to the 
constant velocity of the spinning rotations, 

The 2-D projections included perspective, 
which was computed in terms of the ratio 
of nominal figure diameter to nominal viewing 
distance. In all our experiments this ratio 
was about yy, which is so small that the 
stimuli would have been nearly the same 
had we used a parallel 2-D projection rather 
than a perspective projection. The O sat 
9 ft. from the projected display, on which the 
figure diameter was about 1 ft., making the 
visual angle 6}°. On the projected display, 
dots and lines were white on a dark ground. 
All dots had the same brightness and size, 
as did all lines. 

Each configuration was displayed, rotat- 
ing, for about 12.5 sec. The O was informed 
truthfully that he was actually viewing the 
2-D projection of a rigid 3-D configuration, 
but he was instructed to rate the configura- 
tion as it appeared to him, rather than as he 
knew it to be. The O was told to use a 5- 
point subjective scale of rigidity or coherence, 
on which he was to give a rating of 1 if all the 
elements maintained their relative positions 
in the configuration throughout the exposure, 
and a rating of 5 if elements appeared to be 
moving independently. Intermediate ratings 
were to be given according to the proportion 
of coherent elements, and the relative amount 
of time that coherence was perceived. The 
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Fic, 1. Average ratings of rigidity in Exp. 
I, for three types of dot configurations. (In 
this and subsequent figures, the chance 
variability cannot easily be portrayed, be- 
cause of the large individual differences. To 
assess the differences between any two 
figures, a difference in mean ratings of about 
4 rating step is roughly equivalent to a 
significant preponderance of ratings of one 
figure over another. When comparing points 
each based on two figures, the equivalent 
mean difference is about } rating step.) 


Os had no difficulty making the ratings after 
five practice trials. All Os were members 
of the laboratory staff, and were familiar with 
psychophysical experiments. Each O was 
tested individually, and made his responses 
orally. 


Exp. I: CONSTRAINT AND 
NUMBER or Dors 


Procedure 


The first experiment used configurations 
of dots under three conditions of constraint. 
In the random condition, the 3-D coordinates 
of the dots were chosen so as to keep the dots 
within a 3-D cubical confine, i.e., each coordin- 
ate was chosen at random from theinterval—c 
<x <c, where 2c is the length of one side of the 
confine, In the surface condition, dots were 
placed on the surface of a hypothetical cube 
or double pyramid (the latter has six vertices, 
(0, 0, +c], C0, c, 0] and [+tc, 0, 0]). In 
the case of the cube this was accomplished by 
setting one coordinate to +c, and choosing 
the other two at random. A similar method 
was used for the double pyramid. Each sur- 
face had the same number of dots as far as 
possible, For both surface and random con- 
ditions, eight values of n, the number of dots, 
were used: 4, 6, 8, 12, 16, 24, 48, and 64. In 
the regular condition, dots were placed at the 
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vertices of a regular tetrahedron (n = 4), a 
regular double pyramid (n = 6) a cube 
(n = 8), and in a 4 X 4 X 4 regular cubical 
array (n = 64). The tumbling rotation was 
used. 

Eighteen Os were used. Two stimulus 
films were made for each of the 20 conditions 
(the regular conditions were repeated, but 
new random samples were drawn for the 
random and surface conditions). The 40 
film strips were arranged at random in two 
blocks of 20 and spliced into a single film. 
Nine Os viewed the film projected in the 
forward direction, the others saw the film 
projected in reverse—they not only received 
the reverse order of stimuli, but also saw 
the stimuli moving in the reverse direction. 

In this and subsequent experiments, the 
data will be reported in terms of the average 
ratings of coherence, pooling Os and stimuli 
within conditions. An attempt was made to 
scale the stimuli by the method of successive 
intervals. The results were in very close 
agreement with the simple averages of ratings, 
except for stimuli that most Os rated “1”. 
For these, the scale values were very erratic, 
being violently affected by two or three 
ratings other than “1.” Because of this 
instability, the scaling results will not be 
reported. 


Results 


The average ratings of coherence 
are shown in Fig. 1. Clearly, the 
regular configurations were judged to 
be more coherent than the surface 
and random configurations, for small 
n, while for 64 dots, all conditions 
yield the same high degree of perceived 
coherence. There is also a small but 
consistent difference between surface 
and random configurations, leading 
to the conclusion that the amount 
of constraint or regularity affects per- 
ceived coherence. The strong effect 
of the number of elements, x, is also 
clear from Fig. 1; the more elements, 
the more coherent a configuration 
appears. 

An analysis of variance was made 
for the data from the random and 
surface constraints. The Os were 
divided into two groups, according to 
the order of presentation of stimuli, 
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TABLE 1 
ANALYSIS OF VARIANCE OF RATINGS OF COHERENCE IN Exp. I 


Source usia | Be | Bye Ae ae 
Number of dots (7) 6.4046 7 .3100* 12.2 001 7618 
Groups (G) 2.9714 1 1954 7 01 0868 
Constraint (C) 7855 1 1415 23 .05 .0201 
NC 0640 uf 1753 16 = = 
NG +1954 rj 0607 16 .05 -0336 
CG 0123 1 0607 16 — == 
NCG 0955 7 0607 16 — ee 
NC(S)* 1753 16 0607 16 .05 0573 
NCG(S) 0607 16 = 0607 


Note,—Procedures and notation follow Green and Tukey (1960). 


aNG +NC(S) — NCG(S). 
b NC(S) and NC pooled. 
e Stimuli nested in NC. 


giving an analysis of 2 constraints, 
8 numbers of elements, 2 groups, and 
2 stimuli nested in the combination 
of number of constraint. The analy- 
sis, shown in Table 1, indicated that 
both n and Groups have strong 
effects. The Group effect includes 
individual differences as well as pres- 
entation differences, and we suppose 
that the former predominates. The 
effect of constraint is barely significant 
at the .05 level. The significant n 
X Group interaction reflects the fact 
that the group differences, which in 
this analysis are surrogates of indi- 
vidual differences, are more apparent 
in the low values of n. For large n, 
most of the responses are “1.” The 
analysis shows a large effect for n, 
and a strong effect of Group. The 
significant mean square for stimuli 
within n X Constraint indicates a 
small effect of particular stimuli. 


Exp. II; LINES AND ROTATIONS 


Procedure 


The configurations in Exp. II were random 
line segments, the endpoints being specified 
in the same way as the dots in the random 
condition of Exp. I. The lines were either 
unconnected and independent, or connected, 
one to the next and the last to the first, to 
form a single closed 3-D curve. No 3-D 
curve lay in a plane—all had three dimensions. 


Two rotations were used: spinning about a 
vertical axis and tumbling. Five values of n, 
the number of lines, were used: 4, 6, 8, 12, 
and 16. Thus there were 20 conditions: 
2 rotations X 2 types of figures X 5 values 
of n. Two stimulus movies were prepared 
for each condition, and were arranged in 
random order within each of two blocks of 
20. Unfortunately the stimuli for the condi- 
tion of 16 unconnected spinning lines were 
faulty and could not be replaced. Sixteen 
Os were used; most had served in Exp. I. 


Results 

The average ratings are shown in 
Fig. 2, averaged over Os and stimuli 
within conditions. Clearly the con- 
nected figures are seen as more Co- 
herent than the unconnected, and 
the spinning figures are seen as more 


Ngy Toast tan T T 
(Rigid) 
Y 
z 
E 
č 
ap 
= 
2 
3 
s 
w 3H X CONNECTED SPINNING ~ 
g © CONNECTED TUMBLING 
Š @ UNCONNECTED SPINNING 
z A UNCONNECTED TUMBLING 
4f EXP I: LINES 140s 4 
Non 2 STIMULI PER POINT 
(nist) Pea eS 36 
48 64 


n 
4 6 8 12 1% 24 
NUMBER OF LINES (Log Scale) 


Fic.2. Average ratings of rigidity for straight 
line figures in Exp. II. 
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Fic. 3. Average ratings of rigidity for uncon- 
nected tumbling figures in Exp. III. 


coherent than the tumbling. The 
statistical significance of these effects 
is established by a sign test. The 
effect of n is negligible for the con- 
nected lines, minor for the connected 
spinning figures, and important only 
for the unconnected tumbling figures. 


The favorable effect of the spinning 
rotations is interesting. Rotation about 
a vertical axis is the most common kind 
of transformation seen when one walks 
about in the world. It is the type of 
rotation used exclusively by Wallach 
and O'Connell (1953). It is also a 
simpler rotation than tumbling, since 
every element moves at a constant 
angular velocity, and each element moves 
in a single plane, perpendicular to the 
axis of rotation. The questions of 
simplicity and familiarity are studied 
further in Exp. V and VI below. 

The favorable effect of connected lines 
may be related to reversals. Since per- 
spective is virtually absent from the 
stimuli, and since there are no brightness 
or size cues, depth is imparted solely 
by the KDE, so there is front-back 
ambiguity. In many cases, lack of 
coherence occurs because some, but not 
all, of the elements have reversed for O. 
With the unconnected lines, any one 
line can reverse independently of any 
other, but when the lines are connected, 
a reversal must involve at least two lines. 
Thus there is slightly more constraint 
on reversal in the connected figures, 
and this may account in part for the 
difference between the two types of 
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figures. If the connected lines are 
interpreted as being more constrained 
than the unconnected, then the results 
of Exp. II are consistent with the effect 
of constraint found in Exp. I. 


Exp. III: NUMBER OF UNCONNECTED 
LINES 


Procedure 


The third experiment extended the range of 
n in Exp. II for the unconnected tumbling 
figures, and also checked on the reliability 
of ratings. The stimuli for Exp. III were 
those from the unconnected tumbling condi- 
tion of Exp. II, plus similar stimuli for addi- 
tional values of to cover the range of n from 
2 to 64. In all there were two stimuli at each 
of 13 values of », arranged at random in two 
blocks of 13 stimuli. The 16 Os used in Exp. 
II also served as Os in this experiment. 


Results 


The average ratings of coherence 
are shown in Fig. 3, together with 
the comparable curve from Fig. 2. 
It is clear that the ratings are ade- 
quately reliable, since the curves are 
about the same. Further, the effect 
of n for these figures is regular. 
Roughly, the average rating is linearly 
related to log x, at least up to 24 lines. 
Beyond 24, the average ratings de- 
crease very little. The curve is very 
similar to the curve for the random 
dot figures in Fig. 1. 


Exp. IV: SPEED or ROTATION 


Procedure 


The fourth experiment was designed to 
study the effect of speed of rotation on judg- 
ment of coherence. Very slow and very fast 
speeds were expected to reduce the effective- 
ness of the KDE. Five speeds were used: 
16, 32, 64, 128, and 256° per sec. The middle 
value, 64°/sec, was the speed used in all 
previous experiments, Five types of figures 
were used: 4, 16, or 64 random dots; 4 or 16 
random unconnected lines. Only the tum- 
bling type of rotation was used. Two versions 
of each speed X figure combination were 
prepared, yielding 50 stimuli. Each of 14 Os, 
most of whom had served in the previous 


FIGURE COHERENCE IN THE KINETIC DEPTH EFFECT 277 


experiments, saw the 50 stimuli in the same 
random order. 


Results 


The results are shown in Fig. 4. 
Clearly there is very little effect of 
speed over the range in our experi- 
ment. There is a hint of slightly 
less coherence at the slowest speed, 
but the other four speeds, covering 
an eightfold range, show no differ- 
ential effects on coherence. 


The range of speeds covered in this 
experiment nearly spans the range of 
possible speeds in our experimental pro- 
cedure. Another factor of two faster 
would give so much change from one 
frame to the next (25°) that apparent 
movement would probably be destroyed. 
Another factor of two slower would 
result in a total excursion of only about 
100° in the viewing time for each figure; 
no point in the figure could move much 
more than half way across the display, 
so that to get meaningful judgments 
of coherence, the viewing time would 
have to be increased. White and Mueser 
(1960) found a similar effect of speed 
on accuracy of perception in their KDE 
setting. They obtained differences among 
speeds of 2, 8, and 32 rpm ina spinning 
rotation, which correspond with 12°/sec, 
48°/sec, and 192°/sec. They found 
reduced accuracy with a slower speed of 
1 rpm (6°/sec), but they used an ex- 
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Fic, 5. Average ratings of rigidity for figures 
under three types of rotation in Exp. V. 


posure time of 30 sec., and their results 
suggest that a longer viewing time would 
have allowed greater accuracy. Slow 
speed by itself may not detract from 
the KDE. 


Exe. V: SKEW SPINS 


Procedure 


A large difference was obtained in Exp, I 
between tumbling and vertically spinning. 
Experiment V was intended as a demonstra- 
tion that spinning about a nonvertical axis 
would yield coherence judgments that were 
somewhere between those obtained with a 
vertical spin and with tumbling. The notion 
was that the judgments of coherence were 
related to the complexity of the rotation. 

Three types of rotation were used: tum- 
bling, spinning about a vertical axis, and 
spinning about a skew axis that was at an 
angle with all three coordinate axes. Two 
different skew axes were used. The cosines 
of the angles made by one skew axis with the 
horizontal axis in the display plane, the 
vertical axis, and the axis perpendicular to 
the display plane, were in the ratios 1:2:3, 
respectively. The other skew axis had 
cosines in the ratios 1:1:1. Three types 
of figures were used: six random dots, six 
unconnected random lines, and six connected 
random lines. Four versions of each figure 
type were made for the vertically spinning 
and the tumbling rotations, and two versions 
of each were made for each skew axis, yielding 
36 stimuli. The 14 Os who had served in Exp. 
4 were enlisted for Exp. 5. 


Results 
The results are shown in Fig. 5. 
Since the results for the two skew 
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Fic. 6. Average ratings of coherence for 
various rotations in Exp. VI. (Small points 
represent 16 Os rating one stimulus; medium 
points, 16 Os rating 2 stimuli; large points, 
16 Os rating 3 stimuli.) 


axes did not differ more than differ- 
ences between stimuli for a given 
axis, the results for the two skew axes 
were averaged. The results for the 
skew axes are in no sense intermediate 
between tumbling and vertically 
spinning. If anything, tumbling 
is intermediate. Clearly the effect 
of axis of rotation is more compli- 
cated than we had supposed. Another 
experiment was designed to study 
a variety of axes of rotation, in an 
attempt to resolve the complication 
presented by Exp. V. 


Exp. VI: Axis or Rotation ê 


Procedure 


Nine patterns of rotation were used: the 
tumbling rotation and eight different fixed 
axes with the spinning rotation. The position 
of an axis is best specified by its direction 
numbers, which are numbers proportional to 
the cosines of the angles made by the axis 
with the three coordinate vectors: the hori- 
zontal vector in the display plane, the vertical 
vector, and the vector perpendicular to the 
display plane, respectively (Snyder & Sisam, 
1941). The eight fixed axes of rotation used 
in Exp. VI can be divided into three groups. 
Group 1 includes axes in the plane of the 
display: (0, 1, 0), the vertical axis; (1, 0, 0), 
the horizontal axis in the display plane; and 


a The author is indebted to Alice Wolf 
for running part of this experiment. 
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(1, 1, 0), an axis at an angle of 45° with both 
the horizontal and vertical vectors in the 
display plane. Group 2 includes axes not in 
the display plane but perpendicular to one 
reference axis: (0, 1, 1), an axis tilted forward 
45° from the vertical and up from the 
axis perpendicular to the display plane; 
(v3, 0, 1) and (1, 0, v3), axes 30° and 60° 
back from the display plane, respectively, in 
a plane perpendicular to the vertical reference 
axis. Group 3 contains two skew axes that 
made acute angles with all three reference 
vectors: (v3, 2, 1) and (1, 2, v3), axes 30° 
and 60° forward from the display plane, 
respectively, and both at 45° from the vertical 
reference vector. 

Two types of figures were used ; six random 
dots and six random unconnected lines. Two 
replications of each figure type were intended 
to be made for each type of rotation, yielding 
36 conditions. After the experiment had been 
completed, it was discovered that for axes 
(1, 1, 0) and (1, 2, v3) there were three dot 
figures and one line figure, while for axes 
(v3, 0, 1) and (1, 0, v3) there were three line 
figures and one dot figure, instead of two each. 
Sixteen Os, most of whom had served in the 
previous experiments, rated the displays for 
coherence in the usual way. 

After the ratings had been obtained from 
all Os, 13 Os were tested again. This time 0 
was asked to indicate the direction of the 
axis of rotation by setting a rod in a matching 
position. The O was instructed to make a 
setting, even if there did not seem to be a 
single fixed axis of rotation. 


Results 


The results of the coherence ratings 
are shown in Fig. 6. For the dot 
figures, all fixed axes but the familiar 
vertical lead to about the same level 
of coherence, and the tumbling dots 
are also at this level. Significantly 
more coherence is obtained by spin- 
ning about the vertical axis. For the 
line figures, the vertical axis also leads 
to relatively high coherence, but so 
do the other axes in the display plane, 
the tilted vertical axis, and the tum- 
bling rotation. The other skew axes 
impart less coherence. The coherence 
ratings of the line figures support the 
hypothesis that the more complex 
axis locations are associated with less 
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coherence. The three groups of axes 
defined above were formed on a priori 
grounds to represent three levels of 
complexity. When the ratings for 
each O are averaged across all line 
figures within each group of axes, 
we find that for 11 of the 16 Os the 
group averages are in the order 1, 2, 3, 
a preponderance significant at the 
.0001 level. Very little support for 
the hypothesis can be obtained from 
the ratings of the dot figures, since 
only the vertical axis stands out. 

The results of the rod settings are 
shown in Fig. 7, where the proportion 
of setting within 15° and within 30° 
of the true axis are plotted for each 
axis. In order to plot the settings 
from the tumbling figures on the same 
figure, the median setting for the 
tumbling displays was taken as the 
“true” axis (the median was deter- 
mined separately for dots and lines 
but the judgments from the two repli- 
cations of each figure were pooled). 
The settings for the axes not in the 
display plane provide evidence for the 
reversals seen by Os. All of the true 
axes were in front of the display plane 
(the end of the axis above the origin 
of the display is used for this refer- 
ence). Actually 35% of the settings 
had the axis in front, 50% in back, 
and 15% on the display plane. Thus 
the figures were seen at least as often 
with front and back reversed as in 
the programed orientation. For this 
reason, reversals were not counted 
as errors. There were two equally 
correct settings for all axes not in the 
display plane. On this account, the 
chance level for Group 1 differs from 
that of Groups 2 and 3. Chance levels 
are computed on the basis of a uni- 
form distribution of settings over 
the surface of a unit sphere, and are 
shown in Fig. 7. 

Figure 7 shows that the settings 
for the tumbling figures were very 
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Fic. 7. Proportion of axis settings within 
specified angle of the true axis, in Exp. VI. 
(Two criteria of correctness are shown; 
15° and 30°. Computed chance levels are 
shown for both criteria.) 


inaccurate, in terms of the arbitrary 
“true” axes, indicating that the set- 
tings were quite variable. For the 
fixed axes, the stringent criterion of 
15° error separates the vertical and 
horizontal axes from all the rest, and 
shows no differences among the rest. 
It also shows that setting the axis 
was a difficult task not accurately 
done by the Os. The sparse figures 
(only six elements in each), the short 
viewing time, and the tricky response 
device all contributed to the difficulty, 
Also, one or two Os occasionally set 
the rod at right angles to the true 
axis, apparently matching the direc- 
tion of movement rather than the 
axis about which the movement 
occurred. 

Measured by the liberal 30° cri- 
terion, the rod settings showed sig- 
nificant differences among the fixed 
axes, but no clear pattern emerges. 
Considering the three groups of axes 
described above, Groups 1 and 3 
appear to have been matched with 
about the same accuracy but because 
of the differences in chance level, the 
settings for Group 1 would seem to be 
actually better. The axes in Group 2 
were matched less accurately than 
the others. Individual differences in 
accuracy are huge. The best O had 
97% of his settings within 30° of the 
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true axis; the worst O only 19%; the 
other Os were fairly evenly distributed 
between these extremes, with a median 
of 78%. 

The dot and line figures elicit quite 
different coherence ratings, and yet 
they yield rod settings of almost 
exactly the same accuracy. Indeed, 
Os reported that the axis of rotation 
was apparent in the dot displays even 
when the figures did not cohere. That 
is, even if some dots “broke away” 
perceptually from the figure, the 
direction in which the majority of the 
dots were rotating was still clear. 
In the case of dot figures rotating 
about axes in the display plane, about 
half the Os reported sometimes seeing 
the dots moving in 2-D, sliding back 
and forth on their straight paths (with 
sinusoidal velocity) rather than ro- 
tating in a 3-D circular path (with 
constant velocity). Nevertheless the 
proper setting for the rod was obvious. 

There are other indications that 
matching the axis was psychologically 
quite different from judging coherence. 
The r between the average coherence 
rating of a figure and the number of 
errors made in matching its axis 
of rotation was only 0.16. The rank 
correlation between the number of 
ratings of “1” given by an individual 
au ae accuracy of his settings was 


Discussion 


It is abundantly clear that the KDE 
alone is a very powerful factor in depth 
perception. Many of our Os saw every 
figure in 3-D; some Os reported occa- 
Sionally seeing figures in 2-D, but the 
occasions were rare and fleeting, even 
with the meager figures that were used. 
The tendency to see depth in the 2-D 
projections of rotating 3-D figures is 
overwhelming. There is also a strong 
tendency for points or line segments 
undergoing the same 3-D rotation to be 
seen as parts of a rigid, coherent figure. 
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Even randomly placed, unconnected 
points and lines form a rigid figure if they 
undergo the same 3-D rotation, while 
connecting the elements, or otherwise 
constraining them enhances the tendency 
to perceive a rigid figure. 

The KDE is powerful, but it is not a 
sufficient condition for perceiving com- 
plete coherence. The majority of our 
figures were perceived as 3-D but non- 
rigid. The ‘‘1"’ rating was used less than 
half the time, and the “5” rating was 
seldom used, indicating that Os judged 
most figures to be partially coherent. 
Matching the axis of rotation in Exp. 
VI was not done very accurately, despite 
the omnipresence of the KDE. White 
and Mueser (1960) found that the spatial 
arrangements of elements were not 
accurately perceived even though the 
configuration was perceived as rigid and 
three-dimensional. The KDE seems to 
be more immediate than perceived 
rigidity, and both seem more immediate 
than accuracy of perception of unfamiliar 
random figures. 

The role of perspective in the KDE 
is not determined. Gibson and his co- 
workers (1957, 1959) emphasize the im- 
portance of changes in perspective trans- 
formations. In our experiments, on the 
other hand, perspective was essentially 
irrelevant. The Os reported that re- 
versals were common, and the axis- 
matching data of Exp. VI show that 
there was no agreement about which was 
front and which was back. (In retro- 
spect, it would have been better to use 
parallel projection in our experiments, 
to make our statements about perspec- 
tive unequivocal.) The truth must be 
that perspective is effective when it has 
a chance to be; perspective is very im- 
portant when it is essentially the only 
clue to depth, but it is no more an essen- 
tial feature of depth perception than 1s 
any other single factor. Braunstein 
(1960) has data that confirm this 
supposition. 

Some of the characteristics of figures 
that influence perceived coherence have 


4 M. Braunstein, personal communication, 
1960. 
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been established. The number of ele- 
ments is of prime importance, as are 
connections and constraint among ele- 
ments. From Os’ reports we know that 
isolated elements have a tendency to 
“break away” from the main body of 
the figure, and that lines that cross each 
other seem to enhance coherence. But 
our experiments did not include curved 
lines, solid figures, or familiar forms. 
Much remains to be learned about the 
properties of figures that are related to 
the KDE. 

There is evidence of consistent indi- 
vidual differences across experiments. 
Twelve persons served as Os in all six 
experiments. For each experiment these 
Os were ordered according to the number 
of stimuli given a rating of 1. The 
similarity of the six resulting rankings 
of the 12 Os was evaluated by Kendall’s 
coefficient of concordance, W. We found 
that W = .60, which is not only sig- 
nificantly different from zero at well 
beyond the .001 level, but also indicates 
very considerable consistency. The con- 
sistency of individual differences is all 
the more remarkable because the experi- 
ments were carried out at various times 
during a 3-yr. period. In each experi- 
ment, the percentage of “1” ratings 
given by the various Os varies over a wide 
range; the average range is 53 percentage 
points. How much of such large, con- 
sistent differences is due to differences 
in criteria for the “1” response, and how 
much to differences in perception cannot 
be determined from our data. 

The subjective rating procedure served 
its purpose well. The ratings were reli- 
able, and gave adequate measures of the 
major effects studied in these experi- 
ments, However, the distributions of 
ratings obtained in various conditions 
overlapped considerably, and we feel that 
a more sensitive measure is needed to 
investigate some of the finer points of 
the KDE. Also, individual differences 
in perception are confounded with indi- 
vidual differences in subjective scale 
values. To extract the individual dif- 
ferences which are known to be large, 
one must take enough data to establish 
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firmly each O's subjective scale, or else 
one must use an objective procedure. 

How accurate is depth perception in 
the KDE? We may assume that when 
O saw a figure as rigid, he saw either a 
true 3-D figure or a complete front-back 
reversal of the true figure since there 
was only one rigid 3-D figure that would 
produce the 2-D display. But we have 
no other evidence that O saw the true 
figures, and indeed, the inaccuracy in the 
rod settings of Exp. VI suggests the possi- 
bility that depth is not perceived accur- 
rately. Accuracy of depth perception 
probably depends on the number of 
elements and the coherence of the figure, 
but the nature of this dependence is 
unknown. 

There are many other unsolved prob- 
lems. Can O discriminate between a 
rigid and a nonrigid 3-D figure, when 
perceived in the KDE situation? What 
happens with only one or two points 
or lines, i.e., what is the minimal stimulus 
for the KDE? Why are the more com- 
plex axes of rotation associated with less 
coherence? When is perspective im- 
portant? Must all of the elements of the 
figure be continuously in view, as they 
were in these experiments? (Casual 
observation, plus everyday experience, 
strongly suggest that the answer is 
“No.”) A wide field for research exists. 

Finally, the role of the digital com- 
puter in this research deserves comment. 
Developing the computer techniques and 
camera techniques were difficult and 
time consuming, but without the com- 
puter, we would not have done the 
experiments at all. In our present setup, 
a film strip of 250 frames showing one 
figure rotating for 12.5 sec, can be pro- 
duced in about 2 min., and there is com- 
plete assurance that all the elements in 
the figure will be of uniform size and 
brightness. Of course, KDE experiments 
can be done without computers, but the 
computer provides great flexibility in the 
kinds of experiments one can envisage 
and perform. 


SUMMARY 


Six experiments examined the extent to 
which the kinetic depth effect produces per- 
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ceived coherence and rigidity of random 
figures. Subjectively rated coherence was 
greater with (a) more elements in the figure, 
(b) connections and constraints among the 
elements, and (c) less complex axes of rota- 
tion. The tumbling rotation was shown to 
be intermediate between simple and complex 
axes of spinning rotations. Speed of rotation 
was shown to have almost no effect. - Indi- 
vidual differences were large. A high speed 
digital computer was essential for producing 
the stimuli for the experiments. 
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CONCEPT IDENTIFICATION USING SIMULTANEOUS 
AUDITORY AND VISUAL SIGNALS? 
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University of Wisconsin 


Among the variables affecting per- 
formance in concept identification 
tasks, the amount of irrelevant infor- 
mation in the stimuli has been most 
often studied. Archer, Bourne, and 
Brown (1955), Bourne (1957), Bourne 
and Pendleton (1958), and Brown and 
Archer (1956), have all varied the 
amount of irrelevant information in 
concept tasks. These studies differed 
with respect to other independent 
variables studied, but each showed 
that increases in irrelevant informa- 
tion caused significant increases in the 
difficulty of the task. 

Bourne (1957), Bourne and Pendle- 
ton (1958), and Brown and Archer 
(1956) all found amount of irrelevant 
information (in bits) in problems of 
this type increases the difficulty of 
the task in a linear manner within 
the limits studied. Moreover, this 
effect holds over a number of minor 
variations in procedure. There were, 
however, a number of parameters in 
this set of experiments which, if 
varied, might upset the generality of 
the effect of irrelevant information. 
For one thing, each of the above 
studies used visual stimuli exclusively. 
A change of sense modality probably 


1 This paper is based on a dissertation 
submitted to the Graduate College of the 
University of Wisconsin in partial fulfillment 
of the requirements for the PhD degree. 
The writer is indebted to E. James Archer, 
who directed the study, for his aid and advice 
throughout the course of the experiment. 
The research was supported, in part, by 
funds from the Wisconsin Alumni Research 
Foundation. 

2Now at Washington University, SÈ 
Louis, Missouri. ý 


would not have changed the relation- 
ship between performance in con- 
cept identification and irrelevant in- 
formation, but there is no assurance of 
this. Even less can be presumed 
about the effect of presenting informa- 
tion through two senses simultane- 
ously. The present study investigates 
just this situation: the simultaneous 
presentation of information through 
the visual and auditory senses. 

Some recent theoretical approaches 
have been made to the concept situa- 
tion in terms of statistical learning 
theory (Bourne & Pendleton, 1958; 
Bourne & Restle, 1959 ; Walker, 1958). 
Although the present study was de- 
signed to answer the empirical prob- 
lem indicated above, it also has 
implications for the mathematical 
theories of concept identification. 


METHOD 


Subjects. —The Ss were volunteers drawn 
from the elementary course and certain 
intermediate courses in psychology at the 
University of Wisconsin during the spring 
and summer of 1959. The data from 96 Ss 
are included in this paper. The data from 
four groups of 2 Ss were dropped on ac- 
count of procedural or apparatus difficulties. 

Design—The major variables under con- 
sideration were amount of irrelevant informa- 
tion presented visually and amount of irrele- 
vant information presented auditorily. Un- 
der all conditions, one stimulus dimension 
from each mode of presentation was relevant 
to the solution of the problem presented to 
Ss. Since only two levels of each dimension 
were used, in all conditions 1 visual and 
1 auditory bit of information had to be 
taken into account by Ss in order to solve the 
problem. 

Three different problems were used, i.e., 
three different pairs of relevant stimulus 
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dimensions (one visual and one auditory). 
It should be noted that visual and auditory 
stimuli were presented simultaneously. 

The design involved four amounts of 
irrelevant visual information, four amounts 
of irrelevant auditory information (0, 1, 2, 
or 3 bits in each case), and three problems. 
Two Ss served in each of the 48 conditions, 
with each S receiving 192 trials. 

The Ss were required to make one of two 
lever-pressing responses for each of the 192 
stimuli presented. All stimuli contained one 
of four possible combinations of the two 
bilevel relevant dimensions. One level from 
each relevant dimension was randomly desig- 
nated as a positive level. When both positive 
levels were present in a given stimulus, that 
stimulus will be called a positive instance of 
the concept. All other stimuli will be called 
negative instances of the concept. When a 
positive instance of the concept was pre- 
sented, the correct response for S was to press 
the positive lever, marked with a plus sign. 
The correct response for all negative instances 
was to depress the unmarked lever. These 
two responses, whether correct or incorrect, 
will be called positive and negative lever 
responses, respectively, 

Apparatus—The 2 Ss in each cell served 
at the same time and were seated at a 
long table with an opaque panel separating 
them. Each S$ was supplied with a set of 
earphones (crystal headphones, Model BA- 
200B ; Clevite Electronic Components, Cleve- 
land, Ohio) through which the auditory 
stimuli were presented. On the table, di- 
rectly in front of each S, a gray box (6X3X3 
in.) was fixed. This box had two black- 
handled lever-action switches (3-in. separa- 
tion) extending toward S from the front side, 
and above one of the switches there was a 
large black plus sign on top of the box. 
To the right of each switchbox was a second 
box approximately 10 in. high which had two 
4 X 4 in. milk glass screens (one above the 
other) in the side facing S. These screens 
provided S with information about the ap- 
propriateness of his lever-pressing response; 
the top glass was illuminated from within 
the box with a white light for a correct re- 
sponse and the bottom glass was illuminated 
with a red light for an incorrect response. 

Ten feet in front of the 2 Ss was a gray 
Partition separating Ss from E and his equip- 
ment. In the partition in front of the 2 
seated Ss and about 1 ft. above eye level was 
a rectangular white translucent Paper screen 
(12 x 10 in.) which was illuminated from 
behind by a strip film projector to provide 
the visual stimuli. The visual portion of the 
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stimulus materials was photographed on 16 
mm. film strips’and projected on the screen 
from behind the partition. 

The auditory signals were generated by an 
apparatus consisting basically of two audio 
oscillators and a white noise generator. Relay 
switching circuits varied the audio signal on 
five independent bileveled dimensions. The 
combinations of these dimensions in their 
different levels allowed for the possible pres- 
entation of 32 distinctly different auditory 
signals. The selection and presentation of the 
auditory signals was controlled by punched 
programs through Western Union Tape 
Transmitters. 

The Ss’ responses were recorded graph- 
ically with an Esterline-Angus 20-channel 
operations recorder and, in addition, errors 
were automatically totaled for each S on 
counters. 

The information lights in front of S were 
lighted immediately upon his lever-pressing 
response and remained on until the next 
stimulus was presented, 2 sec. following the 
response of the slower S. Also present at the 
moment of stimulus change was a loud relay 
report which was audible to Ss. This sound 
was constant in pattern and intensity and as 
such gave no information to Ss other than 
that a new stimulus was present. The change 
from one stimulus to the next was automat- 
ically controlled so that the onsets of the 
visual and auditory portions were essentially 
simultaneous. ] 

Task and instructions—The Ss were told 
to place each combination of visual and 
auditory stimuli (called the “total signal”) 
into one of two classes or categories by 
depressing one of the two levers on the 
boxes in front of them. It was pointed out 
that all of the total signals which belonged in 


- the “plus class” (designated by the lever with 


a plus sign above it) had some aspect or 
aspects in common and that part of their 
task was to figure out which aspects of the 
total signal would allow them to correctly 
assign a signal to the plus class. The opera- 
tion of the levers and the corresponding 
meaning of the information lights were 
explained to Ss along with the restriction 
that they choose one and only one lever to 
press for each signal. 

The objective presented to S was to assign 
as many signals as possible to the correct 
class. They were told that by finding the 
solution to the problem (the relevant aspects 
of the signal) they could greatly increase 
their accuracy. 

During a 1-min. rest in the middle of the ` 
session, Ss were told to relax but to not 
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discuss the problem. Before resuming the 
problem they were told that the problem 
was the same and that they should continue 
with the same objectives. 

At the end of the session, each S was asked 
to write down the solution of the problem 
or any partial solution he had attained. 

Stimuli and problems.—The visual stimuli, 
consisting of linear arrangements of a number 
of geometric forms, were off-white in color 
in contrast to the darker background of the 
paper screen, All visual figures contained a 
center fixation cross (+). The six dimensions 
of variation used and both levels of each were: 
(a) Size—large or small; (b) Shape—circles 
or ellipses; (c) Number of figures—4 or 3; 
(d) Orientation (linear direction of figures)— 
horizontal or vertical; (e) Location (on 
screen)—tight or left; (f) Center spot—below 
fixation cross or above fixation cross. 

The auditory stimuli varied along five 
dimensions, with two levels of each dimension. 
Easily discriminated levels for these five di- 
mensions were determined in a prior psy- 
chophysical study: (a) Pitch of a pure tone— 
300 or 1800 cps; (b) Intensity of the tone—35 
or 59 db. above threshold for the 300-cycle 
tone or 54 or 84 db. above threshold for the 
1800-cycle tone; (c) Presence or absence of 
two short “blips” of white noise; (e) Steadi- 
ness of the pure tone or its regular interrup- 
tion; (f) Earphone to which the signal 
delivered— left or right. 

When the variation of a dimension was 
not called for in a given treatment, the 
dimension was held constant at the level 
mentioned first in the above descriptions. 

The temporal relationships between the 
noise and the tone interruption are illustrated 
in Fig. 1. It should be noted that the signal 
was recurrent, and could have started at any 
point on a given trial. 

Three problems (A, B, and C) were used, 
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Fic. 1, Temporal relationship between 
the tone and noise portions of the auditory 
signal. 
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TABLE 1 


RELEVANT AND IRRELEVANT DIMENSIONS 
Usep IN EACH PROBLEM 


Relevant 


(Positive Level) LEE 
Eb, Visual | Auditory 
Visual | Auditory |— i] — r 
1 213 1 2/3 
Al F E |L{o|c{1]wyR 


| (circle) (right) 
AS R L/O;C/I|W/E 


L/O/C}]TIW/E 
i 


(large) | (steady) 
cl} N P 
(four) |(high) 


_Note.—The letters in the table refer to the following 
dimensions: Center spot (C), earphone (E), intensity 
(1), form (F), location (L), number (N), orientation 
(O), pitch (P), interruption (R), size (S), and white 
noise (W). 


selected by randomly pairing three auditory 
dimensions with three visual dimensions and 
obtaining three pairs of relevant dimensions. 
The selection of the particular levels of the 
relevant dimensions used to define a positive 
instance of the concept was at random. 
Table 1 presents the relevant dimensions 
and the positive instance for each problem 
as well as the irrelevant dimensions for each. 
In reading Table 1, the numbered columns 
under “Irrelevant” indicate the order of add- 
ing irrelevant dimensions. Because of a lim- 
ited selection of auditory stimuli, the third 
irrelevant auditory dimension in Problem A 
was different from Problems B and C. 
Stimuli were arranged in a series of 96 
which was repeated during the second half of 
the task. The positive instances of the con- 
cept, in the same locations for all problems, 
were placed in the series by random sampling 
without replacement, as were all other com- 
binations of the stimuli, This allowed for 
complete balancing of each level for all 
dimensions as well as for the almost complete 
balancing of the number of times each level 
of a given dimension occured with particular 
levels of all other dimensions. The balancing 
of levels was done between each mode of 
presentation (auditory and visual) as well 
as within each mode. It should be noted that 
25% of the stimuli were positive instances of 
the concept while 75% were negative instances. 


RESULTS 


Errors—As the amount of irrele- 
vant visual information was increased 
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TABLE 2 


ANALYSIS OF VARIANCE OF TOTAL ERRORS 


Source df MS F 
Problems (P) 2 86.391 
Irrel. auditory (A) (3) | (277.394) 1.37 
Linear 1 712.426 3,52 
Quadratic 1 047 
Cubic 1 119.709 
Irrel. visual (V) (3) | (2772.852) | 13.69** 
Linear 1 7975.301 39.37%" 
Quadratic 1 282.755 1,40 
Cubic 1 60.501 
PXA 6 139.342 
PXV 6 147.884 
V XA 9: 279.079 1.38 
PXVX 18 229.548 1.33 
Ss in cells» 48 202.589 Aan 
Halves of task (H) 1 9310,255 | 219.36** 
H XP 2 87,099 2.05 
H XA 3 8.852 
H XV 3 120,089 2.83* 
H XP XA 6 30.175 
HXP XV 6 33.745 
HXV XA 9 38.982 
HXP XV XA 18 14.256 
H X Ss in cells 48 42,443 
Total 191 


a Error estimate for terms above “Ss in cells.” 
b Error estimate for terms containing “Halves,” 
*P <).05. 

** P <.001. 


from 0 to 3 bits, the mean percentage 
errors increased as follows: 19.3, 21.8, 
29.4, and 36.9. An extended trend 
analysis of variance (Grant, 1956) of 
the error scores (Table 2) indicated 
that this increase in errors with 
increased irrelevant visual informa- 
tion was very significant, and that a 
significant linear component was the 
only reliable source of variation, (A 
Bartlett's test for homogeniety of 
variance among the conditions yielded 
a chi square of 58.3 which, with 47 df 
does not force the rejection of the 
hypothesis of homogeneous variances.) 
The variations in errors with differ- 
ent amounts of irrelevant auditory 
information was not significant in this 
analysis. 

The average percentage errors for 
each S was 34.0 for the first half of 
the task and 18.7 for the second half. 
This difference was highly significant 
(Table 2). In addition, there was a 
significant interaction between the 
amount of irrelevant visual. informa- 
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tion and the halves of training. This 
relationship is shown graphically on 
the left side of Fig. 2. It can be seen 
that the decrease in errors from the 
first to second half of the task became 
less as the amount of irrelevant visual 
information in the problem increased. 

In addition to the total errors, 
certain types of errors were of special 
interest. When the relevant dimen- 
sion of the visual signal on a given 
trial was at the positive level, and 
at the same time the relevant audi- 
tory dimension was at the negative 
level, S could have incorrectly selected 
the positive lever response. This 
type of error was defined as a Type 
A error. When the situation was 
reversed and the relévant visual 
signal was at the negative level while 
the relevant auditory signal was 
positive, the error was called a Type 
V error. Since the negative levels 
of each relevant dimension were con- 
sistently related to a negative instance 
of the concept, the Type A errors 
reflect a tendency of S to ignore the 
relevant auditory information. 

These two types of errors were 
tabulated for each S for each half 
of the task. The Ss averaged 14.23 
Type A errors and only 9.97 Type V 
errors during the whole task. The 
differences between the two types of 
errors were not related to the num- 
ber of bits of irrelevant information. 
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Fic. 2. Performance on first and second 
halves of the task as a function of the amount 
of irrelevant visual information. 
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The difference between the frequen- 
cies of the two types of errors was 
quite significant (F = 15.96, 1/80 df, 
P <.001) as was the interaction of 
Ss by types of errors (F = 3.39, 80/80 
df, P < .001). Of interest also is the 
fact that the interaction of types by 
halves of the task was not significant 
(F = .49, 1/80 df), which would indi- 
cate that practice in this task had 
little if any influence on the pre- 
dominance of the Type A errors. 
Correct positive imstances.—Since 
75% of the stimuli presented in the 
task were negative instances, Ss could 
substantially reduce their errors by 
selecting the negative lever response 
more frequently than the positive re- 
sponse. Moreover, the use of one 
relevant dimension enabled Ss to cor- 
rectly identify half of the instances 
as negative, because half of the trials 
contained the negative level of either 
one of the relevant dimensions. The 
consistently correct selection of the 
positive instances, however, required 
Ss to take into account both of the 
relevant dimensions on a given trial. 
For these reasons, the number of cor- 
rectly identified positive instances 
may be a more sensitive measure of 
the degree of complete solutions at- 
tained by Ss than is a total error or 
total correct measure. However, the 
number of correctly identified positive 
instances, will, on the average, in- 
crease as S increases the number of 
Positive lever responses and because 
of this the increase in correct positive 
lever responses need have no direct 
relationship to solution of the prob- 
lem. Therefore, the number of cor- 
rect positive lever responses was cor- 
rected for the guessing behavior of Ss. 
In the following analysis, Ss’ scores, 
X (correct positives), were computed 
with the rule: 
[1] 


c- 
X= CS 
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Per Cent "Correct Positive 


Relationship between correct 
positives and amounts of irrelevant auditory 
and visual information. (Each plotted point 


Fic. 3. 


represents the mean of six Ss. The origin 
of the vertical axis is at the chance level.) 


where Ct is the number of correct 
positive lever responses (correctly 
identified positive instances) and C= 
is the number of incorrect positive 
lever responses. The last term of 
Equation 1, a correction for guessing, 
was based on the assumption that 
the average distribution of “guesses” 
on the positive lever response will be 
25% correct and 15% errors. The 
score, X, should then be a good esti- 
mate of the number of correct positives 
above chance performance. 

The effects of the amount of visual 
and auditory irrelevant information 
on the degree to which Ss exceeded 
random behavior in the correct assign- 
ment of positive instances is shown 
in Fig. 3. As the amount of irrelevant 
visual information was increased from 
0 through 3 bits, the mean percentage 
of correct positives decreased as fol- 
lows: 53.9, 49.0, 29.0, and 15.3. The 
corresponding mean values for the 
auditory dimension were 45.8, 37.5, 
34.9, and 29.1. Bartlett’s test for 
homogeniety of variance among the 
cells gave a chi square of only 28.5 for 
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47 df. This value is well within 
accepted chance limits. An extended 
trend analysis of variance of the cor- 
rect positives indicated that variation 
in both the auditory (F = 5.58, 1/48 
df, P < .05) and visual (F = 36.98, 
48 df, P < .001) irrelevant informa- 
tion significantly influenced the diffi- 
culty of the task in a linear manner. 
All other sources of variation gave 
results consistent with the analysis of 
error scores (Table 2). 

The significant interaction between 
halves of the task and the amount of 
irrelevant visual information is shown 
in the right half of Fig. 2. It can be 
seen that the increase in correct posi- 
tives from the first to the second half 
of the task became progressively 
smaller as the number of irrelevant 
visual bits was increased. 

Solvers.—On the basis of the written 
solutions obtained from Ss at the end 
of the session, it was quite easy to 
determine which Ss had attained 
adequate verbal solutions to the prob- 
lems. In addition, the verbal state- 
ments clearly indicated partial solu- 
tions, mostly the association of the 
negative level of one relevant dimen- 
sion with negative instances. Only 
36 of the 96 Ss verbalized the solutions 
to the problems. The distribution 
of these solutions was in line with the 
previous analyses, with the number 
of solutions decreasing as the number 
of irrelevant dimensions was increased 
in either the auditory or visual 
signals. 

Of the 60 Ss who did not give 
correct verbal solutions to their prob- 
lems, 22 correctly identified the rele- 
vant visual dimension (at least in its 
relation to negative instances) while 
only 4 Ss did so for the relevant 
auditory dimension. 


Discussion 


The obtained linear function relating 
amount of irrelevant visual information 
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and performance degradation is in line 
with most of the previous research. 
An exception is the Archer, Bourne, 
and Brown (1955) study in which task 
difficulty increased at a positively ac- 
celerated rate as irrelevant information 
was increased. However, they used 
stimuli which moved across a screen in a 
set period of time, whereas all of the 
other studies with this type of task 
involved stimuli which were present at 
least until S had responded. It is 
suggested that the action of a memory 
factor may account for the relative 
extreme difficulty in the high complexity 
conditions of Archer et al. (1955). 
Under the variety of conditions allowing 
unlimited observation of stimuli, the 
difficulty of concept identification is pro- 
portional to the amount (in bits) of 
irrelevant visual information in the 
stimuli, at least up to 5 bits. 

The significant interactions of visual 
information and halves of the task 
indicate that the rate of learning de- 
creases as the amount of irrelevant visual 
information increases, This is con- 
sistent with a significant interaction 
between trials and irrelevant visual 
information found by Brown and Archer 
(1956). 

Perhaps the most noteworthy result 
in the present study was the lack of a 
significant effect (as measured by error 
scores) of variations in the amount of 
irrelevant auditory information. The 
predominance of the Type A errors over 
the Type V errors indicates that Ss 
did not attend to the auditory cues as 
carefully as to the visual cues. It will 
also be recalled that this difference did 
not change significantly between the 
two halves of the task. It is therefore 
Suggested that Ss entered the situation 
with a bias toward using visual informa- 
tion in preference to auditory informa- 
tion and maintained this preference 
throughout training. This explanation 
1s supported by the verbal reports of a 
few Ss who volunteered the information 
that they had ignored the auditory 
signal during the session and by the 
small number of verbal identifications 
of the relevant auditory dimension. 
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The measure of percentage of correct 
positives was intended to provide an 
indication of the effect of the auditory 
information with a good deal of the 
proposed visual bias removed. The 
significant linear relationship between 
correct positives and amount of irrele- 
vant auditory information is certainly 
the type of result expected on the basis 
of studies with visual stimuli. 

The data offer no evidence that there 
is an interaction between irrelevant 
visual and auditory information. 

Mathematical theories—Application of 
statistical learning theories to the concept 
identification situation have been at- 
tempted by Bourne and Pendleton 
(1958) and by Walker (1958). The 
formulations of these authors are based 
on models proposed by Restle (1955, 
1957). 

The most extensive treatment of the 
concept situation to date is given by 
Bourne and Restle (1959). This ap- 
proach incorporates the earlier applica- 
tions and makes extensions to more 
complex situations. Bourne and Restle 
assume that the relevant cues are per- 
fectly correlated with the reinforcements, 
ie. have validity of 1, and they incor- 
porate the cue adaptation model which 
Restle (1957) has developed. 

The present study differs from prior 
work in that although S has only two 
choices of response he still must consider 
two stimulus dimensions for solution to 
the problem. In other words, the aver- 
age validity of any one dimension is 
never 1 in the present situation. Restle 
(1957) has proposed, from empirical 
results, that the validity of a cue, V, be; 


V = 49? — 4r + 1, [2] 


where r is the proportion of times a 
given cue is reinforced. Clearly, in the 
present study, cues from the positive 
level of a relevant dimension are rein- 
forced on only half of the trials and thus 
have validity of 0. According to the 
model, such cues will adapt out of the 
effective sample. Also the negative 
level of either relevant dimension can 
serve only for the identification of nega- 
tive instances. On this basis, a solution 
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to the problem is not possible! On what 
basis then are the solvers solving the 
problem? A possible answer is considera- 
tion of cues arising from the combination 
of the two positive levels from the rele- 
vant dimensions (verbal hypotheses ?). 
Such cues have validity of 1 since they 
are consistently reinforced. The quanti- 
tative development of this modification 
is difficult in view of the additional 
problems indicated below. 

The lack of symmetry in the effect 
of irrelevant visual information versus 
irrelevant auditory information does not 
allow a simple application of the models 
mentioned above. In these theories, 
the proportions of effective cues originat- 
ing from given stimulus dimensions have 
been taken to be equal (with one excep- 
tion, color of the stimuli). However, 
the unequal effectiveness of auditory and 
visual signals forces some modifications 
in this assumption. 

One additional problem has been 
created by the present procedure. The 
so-called irrelevant dimensions in the 
present study have some validity (as- 
suming Equation 2), for the probability 
of reinforcement of a given cue from an 
irrelevant dimension is .25 and not 50 
(which would be 0 validity). This 
problem raises the question of the appro- 
priateness of the term “irrelevant” as 
used in this paper. Such dimensions 
are clearly capable of influencing be- 
havior in the manner of the probabilistic 
matching solutions (Estes, 1950; Restle, 
1957) but are not relevant to the com- 
plete solution possible in the concept 
task. The implication intended here 
is that to very sophisticated Ss cues 
which allow a fairly high proportion of 
correct responses may be considered 
irrelevant when a_ perfect solution is 
possible, while to naive Ss the same cues 
may be considered as relevant, perhaps 
as the best possible ones. 


SUMMARY 


Performance in a concept identification 
task was studied as a function of the amounts 
of simultaneously presented auditory and 
visual irrelevant information. 

Groups of 2 Ss were randomly assigned 
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to each of 48 conditions. The design involved 
four levels (0, 1, 2, and 3 bits) of irrelevant 
visual information, four levels (0, 1, 2, and 
3 bits) of irrelevant auditory information, and 
three problems (1 auditory and 1 visual bit of 
relevant information in each problem). 

The Ss were instructed to assign each 
stimulus (consisting of both an auditory and a 
visual portion) to one of two categories by 
depressing one of two lever-action switches. 

The major results of the study were: (a) 
As the amount of irrelevant visual informa- 
tion was increased, performance decreased in 
a linear manner. (b) The variation in the 
amount of irrelevant auditory information 
did not significantly affect the number of 
errors, (c) The number of correctly identi- 
fied positive instances of the concept (a 
measure of the degree of complete solution) 
significantly decreased as a linear function 
of the amount of irrelevant visual information 
and as a linear function of the amount of 
irrelevant auditory information. (d) The 
types of errors made by Ss gave strong evi- 
dence that Ss responded primarily on the 
basis of the visual stimuli and tended to 
ignore the auditory stimuli. 
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EYELID CONDITIONING PERFORMANCE AS A FUNCTION 
OF EMOTION-PRODUCING INSTRUCTIONS * 


KENNETH W. SPENCE anp HENRY GOLDSTEIN 
State University of Iowa 


A series of recent studies from the 
Iowa laboratory has shown that per- 
formance level in eyelid conditioning 
of humans is related to (a) UCS 
intensity (Spence, 1953, 1958; Spence 
& Taylor, 1951), (b) extreme scores 
on a questionnaire designed to select 
Ss differing in the degree to which 
they manifest emotional symptoms 
(Spence & Farber, 1953; Spence & 
Taylor, 1951; Taylor, 1951), (c) 
physiological indices of emotionality 
of S, such as GSR, heart rate, and 
muscle action potential (Runquist & 
Ross, 1958, 1959; Runquist & Spence, 
1959), and (d) shock and/or threat 
of shock given S prior to or during 
the course of conditioning (Spence, 
1958; Spence, Farber, & Taylor, 
1954). These findings have been in- 
terpreted as reflecting different levels 
of drive (D) which in turn has been 
conceptualized in terms of different 
levels of a hypothetical emotional 
response (re) in S (Spence, 1958). 

As a further test of this theory that 
the level of the emotional response of 
S determines D and hence response 
strength (R = fE = H X D), an ex- 
periment was conducted in which Ss, 
after receiving 20 conditioning trials 
with a weak UCS (air puff to cornea) 
were informed that the UCS was going 
to be changed to a very intense value 
that would be quite unpleasant. On 


1 This research was carried out as @ part 
of a project concerned with the influence of 
motivation on performance in learning under 
Contract N9 ONR-93802, Project NR-154-107 
between the State University of Iowa and 
the Office of Naval Research. Acknowledge- 
ment is made to David Lucky who ran some 
of the Ss. 


the assumption that such a threat 
would markedly increase the level of 
emotional response it was predicted 
that the conditioning performance of 
this experimental group would be 
higher than that of a control group 
not so threatened. A second experi- 
mental group was run which not only 
was threatened with a stronger puff 
after Trial 20, but actually received 
the stronger puff from this point on. 
Comparison of these two experimental 
groups provided a measure of the rel- 
ative effects on performance of the 
threat alone and the threat plus in- 
creased intensity of the puff. 


METHOD 


Apparatus and method. of recording —The 
equipment for recording eyelid closure and 
presenting the UCS was identical with that 
used in previous studies (cf. Spence & Taylor, 
1951). The CS was an increase in brightness 
of a 6-cm. circular disk from .004 to 2.95 mL. 
The weak UCS was a 0.33-psi air puff and the 
strong UCS a puff of 3.0 psi. The UCS was 
delivered to the right eye and was limited in 
duration to 50 msec. The CS-UCS interval 
was 500 msec. with the duration of the CS 
being 550 msec. A CR was recorded when- 
ever the record showed a deflection of 1 mm. 
or more in the interval 200-500 msec. follow- 
ing the onset of the CS. Responses with a 
Jatency of less than 200 msec., which were 
infrequent, were classified as original responses, 
and were not included in the data. 

Procedure-—Each S was instructed to blink 
once to a ready signal (the word “ready”’) 
and then look at the disk, remaining as re- 
laxed as possible and making no attempt to 
control the movements of his eyelid. Follow- 
ing the reading of the instructions each S 
received three presentations of the CS alone 
followed by a single presentation of the UCS. 
‘All Ss were then given 40 conditioning trials. 
Intertrial intervals of 15, 20, or 25 sec., 
averaging 20 sec. and arranged by a fixed 
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BLOCKS OF 2 TRIALS 


Fic. 1. Mean percentage of CRs in 
blocks of two trials. 


schedule, were used. The interval between 
the ready signal and CS onset was 2, 3, or 4 
sec,, randomly varied. 

The three groups were differentiated in 
terms of both the number of the trial after 
which a threat of the strong UCS was given 
and the number of the trial on which the 
strong UCS was actually introduced. All 
groups received the weak (0.33-psi) puff for 
the first 20 trials. The control Ss (Group C) 
were given 10 further conditioning trials 
with the weak UCS and then immediately 
after Trial 30 were threatened with and given 
the strong UCS for the next 10 trials (31-40), 
The first experimental group (X-1) received 
the threat of the strong UCS immediately 
after Trial 20, but the weak UCS was con- 
tinued until Trial 30 at which time the strong 
UCS was introduced and used to the end of 
conditioning (Trial 40). The second experi- 
mental group (X-2) received the threat after 
Trial 20 with the strong UCS also being 
introduced immediately (i.e., on Trial 21) and 
continued until the end of training (Trial 40). 

While the critical data in which we were 
interested was performance on Trials 21-30, 
the extra 10 trials were run for two reasons. 
First, so that all Ss would be shifted to a 
strong puff and would so report if they dis- 
cussed the experiment with others, The 
second reason was that we wished to eliminate 
so-called “inhibitors,” Ss who showed little 
or no conditioning even with the strong UCS 
and Trials 31-40 offered a period in which 
the drive condition (intensity of UCS) was 
the same for all Ss, 

The verbal threat consisted, essentially, 
of telling each S that following one of the 
next 10 presentations of the light (CS), and 
following every presentation thereafter, he 
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would receive a very strong and unpleasant 
puff of air (UCS). It was stressed that the 
first presentation of the stronger puff would 
be determined by chance (by drawing a num- 
ber out of a box) and that S would have no 
way of knowing ahead of time on which of 
the next 10 trials he would actually begin 
receiving the strong puff. At the conclusion 
of the session S was questioned as to his 
knowledge of the purpose of the experiment 
and warned not to discuss the experiment 
with other members of the class. 

Subjects—The Ss were 51 men and 39 
women students from a course in elementary 
psychology. At the beginning of the experi- 
ment each S was assigned to one of three 
groups in order of appearance at the labora- 
tory. Towards the end of the experiment, Ss 
were assigned to the different groups so as to 
match as closely as possible their average 
performances on Trials 1-20. Each group 
then consisted of 30 Ss, 13 females and 17 
males. A number of additional Ss were 
discarded for various reagons, 11 because 
they met the previously established criterion 
defining a voluntary responder (Spence &» < 
Ross, 1959). Nineteen were eliminated as 
“inhibitors” because they failed to give at 
least two CRs in the final block of 10 trials, 
during which all Ss received the strong UCS. 
One S was eliminated because he gave CRs 
during the preconditioning trials. 


RESULTS AND DISCUSSION 


Figure 1 shows the performance 
curves in terms of the percentage 
frequency of CRs of the three groups 
of Ss for each block of two trials over 
the course of conditioning. As may 
be seen, the groups were very closely 
matched on the first 10 blocks of 
trials. The differences in perform- 
ance levels on Blocks 11-15 reflect 


TABLE 1 
MEAN INCREASE IN PERCENTAGE oF CRS 
FROM BLOCK oF 10 TRIALS PRECEDING 
THE INSTRUCTIONS TO BLOCK OF 
10 Trias FoLLowING 


Mean Percentage 


Group increase SD 
c 12.7 3.94 
X-1 25.0 4.20 
X-2 32.0 3.52 


EYELID CONDITIONING 


the effects of the different experi- 
mental procedures for manipulating 
level of emotionality. Thus it will be 
seen that the curve of Group X-2, 
which was threatened with and ac- 
tually administered the strong (3-psi) 
puff on Trials 21-30 jumped up the 
most. The performance of the group 
(X-1) only threatened with a strong 
puff also showed marked acceleration 
and, as may be seen, its performance 
was substantially above that of the 
control group (C) on this block of 
trials. 

Table 1 presents both the mean 
percentage of CRs from Trials 11-20 
to Trials 21-30. Evaluation of the 
differences between these increases by 
a simple analysis of variance provided 
an F of 7.41 (P < .005). A compari- 
son of the difference between Group G 
and Group X-1 yielded a £ significant 
at the .025 level, while that between 
Group C and Group X-2 was signifi- 
cant at the .001 level. The difference 
between the two experimental groups 
was not significant (P = 22). 


These findings clearly support the 
prediction based on our emotional re- 
sponse theory of drive (D) that the level 
of conditioning performance of the ex- 
perimental group (X-1) threatened with 
a strong, unpleasant puff would be 
significantly higher than the control 
group (C). In connection with this 
finding it is interesting to recall the 
results of Taylor (1951). In a study 
primarily concerned with the relation 
between conditioning performance and 
the level of emotionality of Ss as deter- 
mined by a questionnaire-type scale, 
Taylor also attempted to manipulate 
experimentally the emotionality level 
of her Ss after 20 conditioning trials. 
Half of each type of her Ss was instructed 
that the intensity of the UCS would be 
increased on subsequent trials and half 
told that the intensity would be de- 
creased. Actually the intensity of the 
UCS remained unchanged. 
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TABLE 2 
Comparison OF RESULTS OF PRESENT STUDY 
with Tuose or TAYLor (1951) 


Mean Percentage Increase 
of CRs 


Study Group |—— 
Trials 21-25 | Trials 26-30 
vs, 11-20 ys, 11-20 
Present | C 8.7 16.7 
Present | X-1 21.3 28.7 
Taylor | Plus 17.0 11.4 


Taylor found that the mean increase 
in percentage of CRs for Trials 21-30 
over Trials 11-20 was 14.2 for her two 
groups (high and low emotionality Ss 
combined) that were threatened with an 
increase in puff intensity. This is to be 
compared with 25% in the case of our 
threatened group. Suspecting that the 
effects of her threat instructions had only 
a temporary effect, Taylor further ana- 
lyzed her data and found corroborative 
evidence in that the increase over Trials 
11-20 for this threatened group was, as 
shown in Table 2, 17.0% for Trials 21-25, 
whereas in Trials 26-30 there was a drop 
in performance to a level only 11.4% 
above that of Trials 11-20. 

Anticipating the development of this 
scepticism of a change in puff intensity 
on the part of S, we attempted to pre- 
vent its occurrence by framing our 
instructions so that S would continue to 
expect the change even when it was 
observed not to occur over the 10 trials. 
That our procedure was successful in this 
respect is revealed by the fact that our 
threatened group (X-1) continued to 
show an increase in the second block 
of five trials. Thus, as revealed in Table 


2, Group X-1 showed a larger increase 
26-30 


over Trials 11-20 on Trials 
(28.7%) than on Trials 21-25 (21.3%). 
As may be seen by comparing these 


latter values with the comparable ones 
for the control group (C), the amount 
by which the performance of the threat- 
ened group was elevated over that of 
the control group is approximately the 
same in both blocks of trials (12.6 
vs. 12.0). 
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SUMMARY 


(This experiment was conducted to ascer- 
tain the effects of introducing emotion-elevat- 
ing instructions during the course of an eyelid 
conditioning experiment. One group of Ss 
that had received 20 conditioning trials with 
a weak UCS (.33-psi puff) was informed that 
the UCS would be increased to a very un- 
pleasant intensity at some time during the 
following 10 trials. On the assumption that 
this threat would materially increase the level 
of emotional response (7,) and hence the level 
of D of S, it was predicted that the perform- 
ance of this group over this block of trials 
would be significantly higher than that of a 
control group not given such a threat. This 
prediction was confirmed. A third group 
was run in which the UCS was actually 
changed to a rather strong puff (3.0 psi) 
after 20 trials with the weak puff. The per- 
formance level of this group on the test trials 
(21-30) was slightly, but not significantly, 
above that of the threatened group. Thus 
the drive-increasing effect of the instructions 
was slightly less than that produced by 
increasing the UCS from a puff of .33 psi to 
one of 3.0 psi, 
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PROACTIVE INHIBITION OF CONNECTED DISCOURSE * 


NORMAN J. SLAMECKA 


University of Vermont 


The phenomenon of proactive in- 
hibition (PI) has never been reported 
for the rote retention of prose mate- 
rials (Slamecka & Ceraso, 1960). 
The main purpose of this paper is to 
determine whether passages of con- 
nected discourse are in fact subject 
to such PI, and also to examine the 
effects of two variables upon the 
magnitude of such interference. One 
of these variables is the amount of 
prior learning (PL), expressed in 
terms of the number of interfering 
passages learned. With paired asso- 
ciates, Underwood (1945) found that 
PI increased directly with increases 
in the number of prior lists learned. 
The other variable under investiga- 
tion is the interval between the learn- 
ing and test for retention of Passage 
2. According to logical expectations, 
PI should increase with time (up to 
some undetermined point), and the 
available evidence suggests that this 
is probably the case, at least up to 48 
hr. (Slamecka & Ceraso, 1960). Since 
our previous studies have indicated 
the generalizability of findings based 
upon nonsense materials to prose 
passages (Slamecka 1960a, 1960b), 
we made the following hypotheses 
about the present experiment: (a) 
the rote retention of passages of con- 
nected discourse is subject to signifi- 
cant PI, (b) PI varies directly with 
the number of previous passages 
learned, and (c) PI increases with 
increasing retention intervals. 


1'This research was sponsored by National 
Science Foundation Grant: G-6192. The 
author is indebted to John Corson and to 
William Adams, who assisted in the collection 
and analysis of the data. 


In addition, this study is also 
concerned with another aspect of 
knowledge about retention, strikingly 
pointed out by Underwood (1957). 
By summarizing retention data from 
a number of studies, he showed that 
the percentage recalled after 24 hr. 
decreased directly as a function of 
S's stage of practice, or the number 
of lists previously mastered. Thus, 
PI effects (through the use of highly 
practiced Ss) have served to depress 
the amount recalled below that ac- 
tually to be expected with naive Ss, 
and the commonly published reten- 
tion curves found in textbooks are 
confounded with such effects. Under- 
wood (1957) concludes that “we must 
start all over and derive a retention 
curve over time when the subjects 
have learned no previous materials 
in the laboratory” (p. 56). To our 
knowledge there is in the literature 
no such curve based upon connected 
discourse. Underwood concludes that 
the loss in retention of verbal mate- 
rials is only 25% over 24 hr. with 
naive Ss, and that even this value 
is inflated by the failure to take into 
account the postcriterional drop in 
performance at the conclusion of 
learning. The present study shall 
provide data for four retention curves 
covering a 24-hr. period, one of which 
is a curve produced by naive Ss, 
allowing an empirical comparison of 
Underwood's findings to connected 


discourse. 
METHOD 


Subjects and materials —Thirty-six stu- 
dents in general psychology at the University 
of Vermont served as Ss as part of the require- 
ments of the course. Every S participated 
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in four individual sessions, during each of 
which he memorized a prose passage and was 
tested for subsequent retention after a pre- 
determined interval. The materials were 
four fairly difficult sentences, each exactly 
20 words in length, all rather similar in subject 
matter. The passages used were: 

1. “Any generalized statement of relation- 
ship between variables requires specification 
of some reference class or universe from 
which the material comes,” 

2. “According to recent considerations it 
appears preferable to select preliminary 
assumptions from the realm of objectively 
verifiable and observable phenomena.” 

3. “Traditional rationalism cannot negate 
the assertion that its theory concerning 
primary evidence rests upon inadequate anal- 
ysis of fundamental scientific methodology.” 

4. “Forthright admission of the contingent 
character of our most soundly established 
beliefs distinguishes contemporary empiricists 
from dogmatic and Positive ancients,” 

The words of the passages were presented 
on a memory drum at a 3-sec, presentation 
rate and a 6-sec. intertrial interval. Learning 
was by serial anticipation. 

Design and procedure.—A mixed factorial 
design (Lindquist, 1953, Type II) with four 
levels of each variable was used. One variable 
was the number of prior passages learned 
(0, 1, 2, and 3), and the other was the reten- 
tion interval (15, 30, and 60 min., and 24 hr.), 
Of the 16 combinations of these levels, each 
Shad four, in such a manner that he had all 
levels of each variable but no repetitions of 
any level. The 36 Ss provided 9 replications 
of the 16-cell matrix. Conditions were 


c were counter- 
balanced only with respect to retention 


intervals and passages but not with amount 


Each experimental session began with one 
warm-up trial of number guessing on the 
memory drum. Next, instructions for serial 
anticipation were given and then the desig- 
nated passage was presented. The criterion 
for original learning (OL) was one errorless 
trial plus one additional trial.? The desig- 
ARSA 

? This would provide information on the 
postcriterional drop for prose materials, 
Hilgard (1951) says: “Any criterion that 
depends upon the first reaching of some high 
level of performance capitalizes on chance 
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nated retention interval was passed outside 
of the laboratory. For the 15-, 30-, and 60- 
min. intervals E engaged Sin casual conversa- 
tion, and for the 24-hr. interval S was dis- 


missed until the following day. Upon return 
to the laboratory, S was given one trial of 
number guessing for warm-up, followed by 
relearning of the last passage. The criterion 
for relearning was one errorless trial, but all 
‘Ss were given a minimum of five tr ials, regard- 


less of whether they may have relearned in 
fewer than that. As soon as learning of one 
Passage was complete, S was given the next 
Passage to learn, and the above procedure 
was repeated until each S had succ jely 
acquired and relearned all four passages. 


RESULTS AND DISCUSSION 


The acquisition data were evalu- 
ated by way of three criteria. Mean 
total correct anticipations per S are 
Presented in the upper half of Table 1, 
and the results of the statistical 
analysis are found in the left half 
of Table 2. It is seen that amount 
of PL had a significant facilitating 
effect in that the better practiced Ss 
needed fewer reinforcements to learn 
the Passages. 

Acquisition performance was also 
measured by total trials during learn- 
ing, and by performance level on the 
last trial. Mean total trials as a func- 
tion of increasing PL levels were, 
14.2, 11.8, 10.5, and 10.1. These are 
significant beyond the 001 level 
(F = 22.52, df = 3/96). Mean num- 
bers correct on the last OL trial (the 
trial following the errorless criterion 
trial) with increasing amount of PL 
were 18.61, 19.11, 19.39, and 19.42. 

© expected postcriterional drop did 
occur, and although the differences 
Were slight the means were significant 
beyond the 05 level (F = 3.44, 
df = 3/96). All three analyses are 


consistent in showing a significant 

Tr 

fluctuations in the direction of good scores. 
he mean of scores just after the criterion 


will tend to fall below the criterion trial” 
(p. 554), 
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TABLE 1 


MEAN TOTAL CORRECT ANTICIPATIONS DURING ACQUISITION AND 
Mean RECALL SCORES 


Retention Intervals 


Prior 


Learning | 15 min. 30 min. 60 min, 24 hr, 
(Lists) xs ELNE te | TAA 
Mean, soli] Maa iji SD) Mean | SD | Mean SD 
Acquisition 
0 214.3 93.7 190.6 50.4 179.1 39.7 160.8 55.8 
1 125.7 28.2 134.3 45.2 153.7 56.2 189.8 34.8 
2 147.3 39.6 121.7 40.5 170.3 76.8 138.2 50.4 
3 124.0 25.9 153.6 30.9 132.6 35.0 131.9 44.7 
Recall i 

0 18.1 1.2 17.9 1:9 17.8 1.9 15.2 3.2 
1 18.1 2.4 16.8 1.5 15.4 27 13.3 ou 
2 15.2 3.3 16.1 3.2 13.7 3.6 11.7 330) 
3 13.7 3.6 13.3 2.9 13.2 3.4 9.3 4.9 


practice effect for acquisition of prose effects of amount of PL and retention 
materials, and are in good accord with intervals were significant. Appro- 
similar facilitating effects commonly priate ¢ tests indicated that all ad- 
reported for nonsense items. None jacent means differed from each other 
of the groups differed on original learn- at or beyond the .025 level for the PL 
ing as a function of the subsequent variable, and with retention interval 
retention intervals. only the 24-hr. group differed signifi- 

The main analysis of retention was cantly from all others (P <.01). 
through the recall (first relearning Because of the possibility of hetero- 
trial) scores. Recall data are pre- geneity of variance in these data, 
sented in the lower half of Table 1, supplementary analyses were per- 
and the statistical analysis summary formed using the distribution-free 
is in the right half of Table 2. The Friedman analysis of variance of 


TABLE 2 


ANALYSES OF VARIANCE FOR TOTAL CORRECT ANTICIPATIONS DURING ACQUISITION, 
AND FOR MEAN RECALL SCORES 


3 i Acquisition Recall 
Source - — -c 
af MS Por af MS I 

—— ps J ii — — — 
Betw 35 6893.8 99 35 12.1 «94 
PE X nt. (b) 3 6136.1 88 3 39 31 
Error (b) 32 6964.8 32 12.8 3 
Within Ss 108 2322.9 1.35 108 181 | 1.55% 
PL 3 3 25572.7 14:90** 3 | 160.8 | 13.75* 
Interval 3 489.1 28 3 | 113.8 | 974% 
PL X Int. (w) 6 1313.6 76 6 1.8 16 
Error (w) 96 1716.8 - 96 11.7 
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TABLE 3 
RELATIONSHIP BETWEEN ACQUISITION RATES AND RECALL 


Total Correct Anticipations per S in Acquisition 


Tene 50-99 100-149 150-199 200-more 
(Lists) 

N Mean N Mean N Mean N Mean 
2 

0 0 => 12 17.3 12 17,2 12 17, 

1 7 16.9 11 16.6 11 15.7 7 14.1 
2 10 13.0 11 16.1 10 14,3 5 12.0 
3 9 11.8 13 12.3 12 13.3 2 10.0 


ranks. A x of 34.3 for PL (P <.001, 
df = 3), and of 20.4 for retention 
interval (P < -001, df = 3), confirmed 
the effectiveness of both variables, 


At this point in the analysis the problem 
of the role of practice effects upon retention 
had to be examined. It could be argued that 
the differences at recall were not true PI 
effects, but rather were the result of differen- 
tial acquisition rates. That is, Ss who needed 
more total trials or correct anticipations dur- 
ing acquisition of a passage should recall it 
better than those who took fewer trials, simply 
because of their more intensive training upon 
it. Two approaches were used to investigate 
this possibility, First, within each PL level 
the correlation between total correct anticipa- 
tions and recall was calculated, If the degree 
of specific training on 
determine its retention, there would be a 
significant positive correlation, and the recall 


groups effect. 

The second method, originally used by 
Underwood (1945), involved an across-PL 
groups comparison of recall, with each PL 
group subdivided into categories of total 
correct anticipations (or total reinforcements), 
The relevant data are found in Table 3. If 
it were the case that recall level was deter- 
mined by acquisition rate, then the recall 
means would rise from left to right across the 
table, and also would remain constant ver- 
tically, across PL levels, Inspection of the 
table shows that this is not so, but rather that 
within each total correct anticipation category 
the recall means decrease steadily with 


increasing PL levels as would be expected of 
true PI effects. 

These data are also consistent with Under- 
wood’s (1954) conclusion that fast and slow 
learners do not differ in retention. At first 
glance it may appear, paradoxically, that 
amount of reinforcement during acquisition 
has no effect upon retention, but this is only 
the result of our sorting out Ss on the basis 
of learning rate. Studies specifically designed 
to demonstrate the effects of various degrees 
of learning upon retention (Briggs, 1957; 
Slamecka, 1960a) usually employ a fixed 
trials acquisition procedure wherein each 
treatment group is presumably heterogeneous 
with respect to fast and slow learners. 


From the two preceding analyses we 
conclude that the recall data prove 
the presence of genuine PI, which 
confirms the main hypothesis of this 
study, and that the degree of PI 
increases with increasing numbers of 
previously learned passages, thus con- 
firming the second hypothesis. Ex- 
Pressed in terms of the formula, 
(Rest-Work/Rest) x 100, relative PI 
as a function of increasing amounts 
of PLwas found to be 8.0%, 18.1%, and 
28.6%. Relative PI as a function of 
increasing retention intervals was 
13.5%, 13.9%, 20.6%, and 24.8%) 
thus confirming the third hypothesis 
that PI increases with time, at least 
up to 24 hr. 

Analysis of total trials to relearn 
showed the usual transitoriness of PI 
in that there was no significant effect 
of amount of PL (F = .85, df = 3/96), 
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Fic, 1. Absolute amount recalled as a function of amount of prior learning (PL) 
and retention interval. 


but retention interval was significant 
beyond the .01 level (F= 5.87, 
df = 3/96). 

Retention curves in terms of abso- 
lute amount recalled, together with 
the terminal OL trial performance of 
each group are found in Fig. 1. The 
uppermost line is the curve for naive 
Ss. In spite of the fact that recall 
on the postcriterional trial was better 
the greater the amount of PL, and 
that all of the long-duration recalls 
are inflated somewhat by the learning 
on that last trial, the orderly decre- 
mental effects of increasing PI are 
clearly evident at each retention 
interval. These results strongly sug- 
gest that the classical Ebbinghaus 
type of curve, with its steep initial 


drop and considerable overall decre- 
ment (most closely approximated 
by our 3-PL group) is a function 
of cumulative proactive interference 
attributable to practiced Ss. 


Underwood (1957) estimated that 
naive Ss actually forgot only 15% over 
24 hr., with the assumption of a post- 
criterional drop of about 10%. Our,data 
show that the mean postcriterional/drop 
for naive Ss was 1.39, or 7%, which is in 
fair accord with Underwood's figure. 
Then, using the values of 18.61 (mean 
performance of naive Ss on final learn- 
ing trial) and 15.22 (mean recall of naive 
Ss after 24 hr.) we obtain a retention 
loss of 18.2%, which is a slight under- 
estimate because of the unmeasured 
learning during the postcriterial trial. 
Considering the variability resulting 
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TABLE 4 
PERCENTAGES OF OMISSION AND INTRUSION ERRORS AT RECALL 


NORMAN J. SLAMECKA 


Retention Interval 
Mean 
Pri i 
(Lists) 15 min. 30 min, ’ 
Om, Int. Om. Int. as ony 5! Int, 
5 48 
0 5.6 3.9 6.1 44 y 94 f 
1 7,2 2.2 13.3 2.8 . 15.0 54 
2 19.4 44 14.4 5.0 21.7 22.8 6.4 
3 26.1 5.6 26.7 6.7 27.8 31.8 | 63 
Mean | 14.6 4.0 15.1 4.7 18.6 | 


from the many sources utilized by Under- 
wood, the degree of correspondence be- 
tween the two findings is sufficiently 
high. We conclude that even though 
connected discourse may possess unique 
Properties, its rote retention and its sus- 
ceptibility to PI as a function of amount 
of interference and retention interval 
are comparable to those of unconnected 
and nonsense materials, 

Errors at recall were categorized into 
omissions (failure to respond) and intru- 
sions (source unspecified), and the per- 
centage occurrence of each is given in’ 
Table 4, Examination of the table shows 
that intrusions Played a very minor role 
throughout, and that they increased 
only slightly with increases in inter- 
ference levels and retention intervals, 
As in previous studies (Slamecka, 1960a, 
1960b), omission errors accounted for 
the bulk of the changes at recall, for they 
increased markedly with increases in PE 
and with lengthening retention intervals. 
This again points to the hypothesis that 
with serial lists of connected discourse 
material, the main effect. of interfering 
lists is to increase the reaction latencies 
of the correct resonses, and with the use 
of limited response times (3 sec, in this 
study), the obtained omission pattern 
would follow. Further support for the 
contention that interference affected 
mainly the latencies but not the actual 
retention of the items in given by calcu- 
lating the percentage of all overt re- 
Sponses given at recall, that were correct. 
These accuracy scores, in order of in- 


creasing PL levels, are: 95.2%, 93.69%) 
91.7%, and 90.9%, and suggest that ` 
approximately the same percentage of 
responses attempted was correct. It 
would seem that with this material, the 
importance of intrusions as indicators 
of degree of interference is overshadowed 
by the omission pattern, and that future 
work might fruitfully be directed toward 
obtaining actual response latencies under 
conditions of unlimited recall time, as a 
test of the above hypothesis, 


SUMMARY 


This study tested the susceptibility of the 
rote retention of prose passages to proactive 
inhibition (PI) of recall, as a function of 
amount of prior learning (PL) and length of 
retention interval, Thirty-six Ss each learned 
and recalled four 20-word passages of con- 
nected discourse in succession, by the method 
of serial anticipation. There were four levels 
of amount of PL (0, 1, 2, and 3 passages), 
and retention intervals were 15, 30, and 60 
min., and 24 hr, The following results were 
obtained: (a) Significant practice effects 
occurred during acquisition, (b) Significant 
PI of recall was obtained. (c) PI increased 
directly with the amount of PL. (d) PI 
increased directly with the retention interval. 
(e) After 24 hr. naive Ss forgot about 18%) — 
thus supporting Underwood's findings about 
this point Q) Omission errors at recall were 
more predictive of the retention pattern than- 
were intrusions, 

It was concluded that whatever unique 
Properties may be possessed by connected 

iscourse, it also shows the same suscepti- 
bility to PI effects as does nonsense material. 
A hypothesis that interference of this kind — 


PROACTIVE INHIBITION OF CONNECTED DISCOURSE, 


serves mainly to increase the latency but not 
the accuracy of correct responses, was 
discussed. 
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RETENTION OF INFORMATION UNDER CONDITIONS 
APPROACHING A STEADY STATE! 


ROGER N. SHEPARD 
Bell Telephone Laboratories 


In experiments on human memory, 
Ss are typically presented with an 
isolated block of information and then 
tested for retention of that informa- 
tion. The digit span test is a familiar 
example. In experiments of this 
kind Ss have recourse to various 
devices of covert regrouping, recoding, 
and rehearsal of the information. 
Furthermore, interference resulting 
from prior exposure to similar infor- 
mation is usually minimized. The 
results of such experiments may not, 
therefore, be generalizable to situa- 
tions that confront Ss with a con- 
tinuing sequence of items and require 
them, throughout the sequence, to 
retain as much as possible of the 
most recently presented information. 
Situations of this type are neverthe- 
less quite common (as, for example, 
in playing a hand of bridge) and in 
some cases they are of considerable 
practical importance (as in the con- 
tinuous monitoring of a complex 
display), They also have a wide 
theoretical bearing; for in such varied 
activities as inductive inference, de- 
ductive reasoning, problem solving, 
and verbal communication §s’ re- 
Sponses at any one time must be 


1 The present experiment was conducted 
at Harvard University under Contract 
AP33(038)-14343 with the Operational Ap- 
plications Laboratory of the Air Force 
Cambridge Research Center. Reproduction 
for any purposes of the United States Govern- 
ment is therefore Permitted. 

This work was reported in April 1959 
at the Annual Meeting of the Eastern 
Psychological Association. The authors are 
indebted to George A. Miller who furthered 


this work by encouragement and specific 
Suggestions. 


AND 
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selectively modulated by stimuli vari- 
ously strung out into the recent past. 
Cahill and Hovland (1960) have 
demonstrated the crucial role that 
this kind of memory plays during the 
acquisition of concepts. F 
Recent efforts to measure retention 
during continuous tasks have em- 
ployed recall procedures (e.g., Mack- 
worth, 1959; Pollack, Johnson, & Knaff, 
1959). In the present experiment, how- 
ever, arecognition procedure is selected 
instead. Unlike the usual recall pro- 
cedure, the recognition procedure 
enables E to single out, for test, the 
one item presented at any specified 
earlier point in the sequence and so to 
vary at will the number of items 
intervening between the initial and 
test presentation of an item2 By 
testing after different numbers of 
intervening items, then, the course 
of forgetting of single items during 
the presentation of subsequent items 
can be inferred. A curve of forgetting 
can thus be obtained under conditions 
that depart from those usually im- 
Posed in that the interval between 
the original and test presentations of 
an item, far from being filled with an 


? Since the present report was originally 
prepared severa] other studies have appeared 
that use various ingenious methods to achieve 
a similar result with recall procedures (Ander- 
son, 1960; Lloyd, Reid, & Feallock, 1960; 
Yntema & Mueser, 1960). The last two of 
these three studies used continuous tasks 
that, except for the utilization of a recall 
rather than a recognition test, were quite 
similar to the task used here. Indeed, 
Yntema and Mueser present curves of 
forgetting that seem to be the analogues, 
for the recall Process, of the curve illustrated 
in the present Fig. 1. 
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entirely different activity, is filled 
simply with further presentations of 
exactly the same kind. In this way 
an extreme can be approached in 
which the possibility of rehearsal is 
minimized while the interference of 
preceding material is maximized. 

In addition to making an empirical 
determination of the curve of for- 
getting under such conditions, there 
are two other aims: First, to show that 
a rational account can be given for 
these data in terms of a stochastic 
model originally developed to account 
for the shape of the gradient of 
stimulus generalization. And, second, 
to estimate the total amount of in- 
formation (about all preceding stimuli 
of the sequence) that is carried along 
when steady state is reached; i.e., 
when the amount of information 
gained from each successive item just 
compensates for the amount forgotten 
from all preceding items. 


METHOD 

Subjects 

The Ss were 63 students at Harvard 
University. Of these, the 15 serving in the 
“variable delay condition” were graduate 
students in psychology, and the 48 serving 
in the “fixed delay condition” were summer 
session students who were paid for their 
participation. 


Procedure 


At the beginning of each experimental 
session S was given a large deck of 3 X 5-in. 
cards each bearing a single three-digit number. 
Following a brief description of the manner 
of construction of the deck, S was given a 
specially prepared record sheet and instructed 
to examine in turn the number on each card 
and to place a mark on the record sheet 
either in a column labeled “old” or in a column 
labeled “new” according as he did or did not 
remember having seen that number on an 
earlier card of the deck. He was allowed 
to proceed through the deck at his own 
rate but was not permitted to look back to 
any earlier card. No feedback as to the 
correctness of his responses was provided. 

The three-digit numbers included in each 
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deck were randomly selected from the total 
population from 000 through 999. However, 
with the exception of a few nonduplicated 
numbers toward the end of the deck, every 
number selected for a given deck occurred 
exactly twice in that deck. The second 
occurrences of the numbers were inserted in 
such a way that (after the first few cards) 
each successive card bore either an old or a 
new number with equal probabilities and 
according to a random sequence. The inser- 
tion of a few nonduplicated numbers toward 
the end was designed to prevent the prob- 
ability of finding a new number from falling 
below .5 for the last cards. 

The dependent variable was the prob- 
ability of classification of the number on a 
given card as “old.” It thus became the 
probability of a correct response, if the num- 
ber on the given card had also appeared on an 
earlier card, and the probability of an incor- 
rect response (or “false alarm”), if the number 
had not. There were two independent vari- 
ables. The secondary independent variable, 
T, was simply the total number of other cards 
preceding a given card in the same deck. 
The primary independent variable, d (“de- 
lay”), applied strictly only when the number 
appearing on a given card had appeared on 
an earlier card. In that case it was defined 
as the number of other cards intervening 
between the given card and the earlier card 
bearing the same number. (Since the rate 
of presentation was not controlled, delay, as 
defined here, had only a rough relation to 
elapsed time. No attempt was made to 
separate experimentally the effect of the 
number of intervening presentations per se 
from the effect of pure temporal delay.) 
The number of intervening presentations 
was manipulated differently under the two 
following experimental conditions: 

Variable delay condition —Four decks were 
prepared for this condition. In each of these 
decks the delays varied from 0 to about 60 
intervening cards for different three-digit 
numbers within the same deck. Insofar as 
possible a roughly rectangular distribution 
of delays was maintained throughout the 
decks. (Of course the delays were limited 
from above for old numbers occurring near 
the beginning of a deck.) Two of the decks, 
both containing 100 cards, were each given 
to 6 Ss. The other two decks, both containing 
200 cards, were each given to 10 Ss. Although 
some of these Ss served more than once, 
their exposure to different decks was always 
separated by 2 or more days. The results, 
moreover, failed to provide evidence of any 
interdeck transfer. 


O VARIABLE DELAY CONDITION 
O— FIXED DELAY CONDITION 


PROBABILITY OF RESPONSE “OLO’ 
TO AN OLD STIMULUS. Pq (t) 


DELAY SINCE LAST PRESENTATION OF THAT STMULUS 
(NUMBER OF INTERVENING PRESENTATIONS), d 

Fre. 1, Probability of classification of an 
old three-digit number as “old” as a function 
of the number of intervening three-digit 
numbers. (Each of the four decks of the 
variable delay condition was weighted, in 
calculating the average points, by the number 
of Ss times the number of cards for that deck. 
Of the 21 points for the fixed delay condition, 
the 18 falling inside one of the four ranges of 
delays—A, B, C, or D—are each averaged 
from the two decks covering that range and 
the 3 points at the intersection of two adjacent 
ranges are each averaged from the four decks 
overlapping at that delay. The smooth 
curves in this and subsequent figures are based 
upon theoretical considerations presented 
in the theoretical analysis and discussion 
section.) 


for the following ranges: from 0 to 5 for Deck 
At, from 5 to 10 for B,, from 10 to 15 for C,, 
and from 15 to 20 for Dı. The number of 
cards in the decks Varied from 200 to 217, 


more days. 


Ina replication, 24 ne 
w Ss went through 
Decks A», Bz, Ca, and Dz according to the 
Same counterbalanced design. These four 
new decks were Prepared in the same way 


as the first four decks. ‘The independent 
construction of new decks for the replication, 
however, insured a more adequate sampling 
of possible sequences of new and old numbers, 
In the fixed delay condition the probabilities 
of new or old numbers were necessarily not 
completely independent for neighboring cards. 
The restriction of the delays to a range of five 


cards for any one deck entailed small sequen- 
tial dependencies, However, since the vari- 
able delay condition—for which there were no 
sequential constraints— yielded the same 
results, it seems unlikely that Ss made any 


appreciable use of these constraints. 


RESULTS 


Effect of experience with previous 
decks—The performance of Ss on a 
given deck did not appear to depend 
upon the number of other decks to 
which they had already been exposed. 
In the fixed delay condition, the 
percentage of the total classifications 
(as “old” or “new”) that were cor- 
rectly made by Ss (N = 48) in the 
four sessions, in the order of their 
occurrence, were 76, 76, 76, and 77% 
correct. Since practice evidently had 
little effect, the data from all four 
sessions were pooled for subsequent 
analyses. 

Effect of delay, d.—Figure 1 sum- 
marizes the effect of delay upon the 
accuracy of classification of an old 
three-digit number as “old.” The 
two methods of varying delay yielded 
essentially indistinguishable results. 
The probability that a number was 
classified as “old” dropped rapidly 
from almost 1.00 (when that number 
was just seen on the immediately 
preceding card) to about .75 (when 
that number had not been seen for 
6 or 7 cards). From there on this 
probability dropped more slowly to 
about .57 (when the number had not 
been seen for as many as 50 or 60 
cards). However, even for the longest 
delays imposed, this probability was 
well above the probability that a new 
number was classified as “old’’ (the 
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“false alarm” probability), which 
averaged only about 0.22. 

Effect of number of cards already 
examined in the same deck, T.—Figure 
1 might at first be thought to repre- 
sent the course of forgetting of a single 
three-digit number under steady state 
conditions. | However, comparisons 
between the performances of Ss at 
different stages of their progress 
through a deck revealed that a strictly 
steady state was not completely 
achieved. In particular an analysis 
of the data from the fixed delay 
condition, presented in Fig. 2, clearly 
showed that the probability of classifi- 
cation of a new number as “old” (the 
probability of “false alarm”), rather 
than remaining constant throughout 
a deck, was still increasing after as 
many as 200 presentations. How- 
ever, since the rate of increase of this 
probability after the first 40 cards 
was less than .0007 per card, the 
conditions of the experiment are 
regarded as “approaching a steady 
state.” 

The fact that the probability of 
classifying a new number as “old” 
increased with the number of other 
three- digit numbers already examined 
raises, again, the question of the 
effect of experience with previous 
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PROBABILITY OF RESPONSE “OLD” 
TO A NEW STIMULUS, Po (T) 


o 40 80 120 160 200 


NUMBER OF_ PRIOR PRESENTATIONS 
FROM THE SAME DECK, T 


Fic. 2. Probability of classification of a 
new three-digit number as “old” as a function 
of the total number of three-digit numbers 
already seen in the same deck. (The points 
are averaged from all eight decks of the fixed 
delay condition.) 


decks. If the trend illustrated in Fig. 
2 had continued from one deck to the 
next (as well as within the same deck), 
the probability of classifying a new 
number as “old” should have in- 
creased as a function of the number 
of decks to which S had already been 
exposed. However the results for the 
fixed delay condition, which are sum- 
marized in Table 1, suggest that if 
the probability of the response “old” 
changed at all over the four successive 
decks it probably decreased rather 
than increased. (This trend, how- 
ever, is not statistically significant.) 


TABLE 1 


ZrrecT oF MEAN DELAY AND ORDER OF PRESE: i 
TYPES OF ERROR PROBABILITIES FOR Carns or THat DECK 


NTATION OF A DECK UPON THE Two 


Probability that New Number Probability piat Old Number 
Order of F Ben Bee 
ler © Pres a- " err 
der of Presenta-| yfean Delay for Deck |. | Meat Delay for Deck | rean or ero oi 
Dilay iiey 
ability | a | B al 
AR azs |175 as | 7.5 | 125 | 17-5 
rd 1 ASHE P27 | 229 125 15 | .22 | .24 | .30 23 24 
2 17 | .26 | -24 | -30 24 17 | .26 | .25 28 24 24 
3 14 | .22 | .26 | -25 22 14 | .27 | .27 | 35 26 24 
4 17 | 18 | .22 | .22 -20 17 | .25 | -30 | -33 27 23 
Mean 47 | 222) |225 | .27 ahs} 16 | .25 | .27 | -32 25 24 
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The median 2-day separation of 
successive sessions may have sufficed, 
then, to reduce interdeck interference 
to negligible levels. Furthermore, of 
course, Ss may have adjusted their 
over-all tendency to classify stimuli 
as “‘old” so as to compensate for shifts 
that would otherwise have been 
observed from one deck to the next. 


Discussion 


The objectives of this section are to 
explore some implications of the data 
presented in Fig. 1 and 2 both for theories 
of forgetting and for estimates of the 
information capacity of human memory. 

Implications for trace-decay models— 
A stochastic model originally developed 
to account for the shape of the gradient 
of generalization (Shepard, 1958) has 
recently been extended to account for 
phenomena of recognition memory as 
well (Shepard, 1961). This extended 
model (referred to here as “the trace 
model”) differs in two respects from 
previous models of the memory process. 
First, most previous models predict that 
the curve of forgetting is a simple 
exponential decay function with, per- 
haps, a positive asymptote (Bourne & 
Restle, 1959; Bower, 1959; Estes, 1955; 
Hull, Hovland, Ross, Hall, Perkins, & 
Fitch, 1940, pp. 43, 65; London, 1950; 
von Foerster, 1950; Witte, 1959; and, 
in a somewhat different form, Bjérkman, 
1958, pp. 53-55). In contrast to these, 
the present trace model predicts a simple 
exponential only under ‘the very special 
condition that all the presented stimuli 
are equally similar to each other, If 
the stimuli vary substantially in simi- 
larity, the predicted curve of forgetting 
departs from the best fitting simple 
exponential function in that it drops 
more rapidly at first and then more 
slowly than that function, Interestingly, 
then, Many previously obtained em- 
pirical curves do appear to deviate from 
a simple exponential in just this way 
(see, for example, Hanawalt, 1937, p. 25; 
Jenkins & Dallenbach, 1924, p. 609; 
Luh, 1922, p. 22; Strong, 1913, p. 350; 
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Williams, 1926, p. 373). That this is 
also the case for the present data is 
shown in Fig. 1. There, the trace model 
was fitted on the assumption that all 
three-digit numbers are equally similar. 
The resulting exponential decay function 
(Theoretical Curve I) clearly departs 
from the empirical points. 

The second distinguishing feature of 
the present trace model is that it provides 
an account for the way in which the 
probability of “false alarm” increases as 
more and more stimuli are presented 
(as shown in Fig. 2). This follows from 
the assumption of the model that for- 
getting results not only from the fading 
or simple attrition of traces but also from 
the spreading out or “diffusion” of 
traces to other similar stimuli. The 
specific results of the attempt to fit this 
model to the present data will now be 
described. 

The probability that a stimulus will 
be classified as “old” is denoted by 
Pa(T). Figure 1, then, plots the mean 
values of Pa(T) (i.e, Pa(T) averaged 
over all positions in the deck from T = 0 
through, say, T = 200) against delay, d. 
Figure 2 plots the probability of false 
alarm, which (according to the model) 
is given by P,,(T), against the number 
of preceding presentations of stimuli, T. 
In order to fit the model, a value had to 
be determined for the response bias, B. 
Since Ss were not explicitly instructed to 
adopt either a stringent or lenient cri- 
terion in deciding whether each three- 
digit number was old, the initial expec- 
tation was that there would be no over- 
all bias. However, when B was set to 
unity (the null bias), even the most 
favorable Setting of the remaining param- 
eters failed to eliminate a clear departure 
from the data of Fig. 2 (see Theoretical 
Curve I). The discrepancy suggested 
that there was in fact an appreciable 
bias towards the response “‘old,”’ 

This was Particularly evident when 
the over-all Probability of responding 
“old” (regardless of whether the stimulus 
was in fact new or old) was plotted as a 
function of the mean delay for a deck. 
Theoretical Curve I in Fig. 3 represents 
the prediction from the model on the 
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of numbers in that deck. (The point labeled 
“A” represents the mean probability for 
Decks A, and A, of the fixed delay condition, 
etc.) 


assumption of no bias. But the empirical 
points, far from following that curve, 
remained more nearly in the proximity 
of the .5-probability line (Theoretical 
Curve II). There is a suggestion, there- 
fore, that Ss tended to readjust their 
response bias for each deck so as to match 
the objective probability of an old 
stimulus (which, as they could infer from 
the instructions, was always .5). 

In accordance with this argument, 
when B was allowed to assume a value 
smaller than unity (representing a bias 
towards the response “old’’), the theo- 
retical curves were brought into a satis- 
factory fit with the data. The resulting 
estimates for the five parameters of the 
model were then as follows: B = .42, 
w=.530, V=.996, Ve=.61, and u=.990. 
If, as an approximation, the stimuli 
are regarded as falling in two classes; 
namely, one containing relatively distinc- 
tive three-digit numbers (such as the 
number 444 or S’s street address) and 
one containing relatively similar numbers 
(such as those in the cluster 355, 553, 
335, and 533), then the parameters can 
be interpreted as follows (see Shepard, 
1961): V represents the rate of diffusion 
of traces between the more distinctive 
numbers; V, represents the rate of diffu- 
sion within clusters of similar numbers; 
w reflects the fraction of the stimuli that 
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are more distinctive; and u specifies the 
rate at which traces dissipate through 
simple attrition? When these values 
were substituted into the equations of 
the model, the curves labeled ‘Theo- 
retical Curve II” in Fig. 1 and 2 were 
obtained. By adjusting 2} param- 
eters per plot, then, the achieved fit 
was apparently about as good as the 
variability of the data would allow. 

Implications for informational estimates. 
—An expression has already been derived 
for a lower bound on the amount of 
information retained in recognition ex- 
periments in which each stimulus is 
presented only once and in which steady 
state is reached so that the probabilities 
P,(T) no longer depend upon T (Shepard, 
1961). In the present experiment each 
stimulus was presented twice and the 
probabilities Pa(T) were still increasing 
at the end of 200 presentations. How- 
ever the trace model provides for an 
extrapolation to the conditions required 
for the informational calculations. Ac- 
cording to the empirically determined 
values of the parameters of the model, 
the steady-state curve of forgetting is 
described by the equation: 


P4() = {.500(.986)4 
+ .443(,60)4 + 057}? 


And, since the traces are assumed to 
dissipate and diffuse independently of 
each other, this same equation should 
also apply when each stimulus is pre- 
sented twice (as in the present experi- 
ment). If the informational calculations 
are carried out on the basis of this equa- 
tion with B = .42, the lower bound on 
the amount of information carried along 
by S during steady state is estimated as 
32 bits. However, according to the 
model, Ss could as well have adopted 
any other bias without influencing the 


3 By necessity, 4 must be less than uni 
for, if there were no attrition of traces, 
would eventually be swamped by the gener- 
alization from old stimuli and, thereafter, 
would be totally incapable of discriminating 
new stimuli from old. A parallel result 
emerged in the earlier application of the trace 
model to generalization in paired-associate 
learning (Shepard, 1958, p. 251). 
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underlying trace process wherein the 
information is actually retained. There- 
fore, since the informational estimate is 
affected by B, the possibility remains 
that Ss in fact carried along still more 
information that, owing to their response 
bias, was not completely reflected in 
their recorded responses. When B was 
varied in the steady-state equation, the 
informational estimate was found to 
climb rapidly from 0 (for B= 0), to 
level off at a maximum of about 50 
bits near the null bias point (B = 1), 
and then to decline slowly with increas- 
ing B. This Suggests that Ss are really 
capable of carrying along at least 50 bits 
in steady state. However, in order to 
secure this conclusion, it would be neces- 
sary either (a) to drive the parameter 
B away from the 42-region through the 
experimental introduction of various 
payoff contingencies or else (b) to replace 
the present “old”-“new” dichotomy 
with a scale accommodating several 
degrees of confidence that the stimulus 
is “old” (eg., as was done by Egan, 
1958). 

In the familiar digit-span test Ss have 
generally been found capable of retaining 
about 23 bits from a single exposure 
to a sequence of decimal digits (Miller, 
1956; Pollack, 1953). The present 
informational estimates, though based 
on the retention of decimal digits also, 
are substantially higher, Possibly the 
use of the more Sensitive recognition 
method (Luh, 1922) and/or the seg- 
mentation of the Sequence of digits into 

(Martin & Fernberger, 
1929; Pollack et al., 1959) is responsible 
for this difference. Then too, the present 
procedure and the digit-span procedure 
may tap essentially different modes of 
operation of the memory system. Cer- 
tainly the information is retained under 
the present procedure in a much more 
diffuse form, Whereas in the digit-span 
test each of a small number of items 
must be retained with high probability, 
here each of a very large number of items 
can be retained with relatively low 
Probability. 

The memory Process has previously 

been described in terms of fading traces 
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that may or may not be reinforced by 
covert rehearsal (e.g., by Brown, 1958; 
Mackworth, 1959; Sperling, 1960). How- 
ever the experimental results, particu- 
larly those of Sperling and of Peterson 
and Peterson (1959), have indicated 
that the passive trace, if not maintained 
by rehearsal, decays essentially to zero 
within a matter of seconds. This seems 
to conflict with the present evidence for 
a substantial trace after several minutes 
(corresponding to 60 intervening presen- 
tations), However, although the re- 
hearsal of one item following the presen- 
tation of a subsequent item probably 
seldom occurred, each three-digit num- 
ber may well have been rehearsed once 
or twice before passing on to the next 
number. Such an initial boosting of the 
trace might account for its subsequent 
persistance over greater delays. 


SUMMARY 


The retention of information was investi- 
gated under conditions approaching a steady 
State. Specifically, for each three-digit num- 
ber in a protracted sequence of such numbers, 
Ss responded “old” or “new” depending upon 
whether they did or did not remember having 
seen that number at some earlier point in the 
Sequence, Each number was presented twice; 
but the number of other three-digit numbers 
intervening between the first and second 
Presentation of the same number was manipu- 
lated as the independent variable. The results 
were as follows: 

1. The Probability of correct classification 
of an old three-digit number as “old” was 
found to be a decreasing function of the num- 
ber of intervening Presentations. This “curve 
of forgetting" dropped (from near 1.00) to 
about .56 for delays of 60 intervening presen- 
tations. Even after such long delays, how- 
ever, the probability of correct recognition 
was still well above the “false alarm” prob- 
ability of classifying a new stimulus as “old.” 

2. This probability of false alarm was 
not constant over the series of numbers but, 


rather, climbed rapidly (from 0.0) at first and 
then 


seemed to be slowly approaching 
an asymptote near .30 after about 200 
presentations, G 


3. A trace model was shown to yield 
theoretical curves that could be brought into 
a close fit with the above two curves, The 
fact that the curve of forgetting departed 
systematically from a simple exponential 


| 
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decay function was interpretable within the 
model as indicating that the stimuli were not 
all equally similar to each other. The shape 
of the false-alarm curve could be interpreted 
as indicating that Ss tended to bias their 
responses towards the response “old” in such 
a way as to match the objective probability 
of an old stimulus. Both curves support the 
notion that traces not only fade away but, 
at the same time, gradually spread out so as to 
become decreasingly stimulus specific. 

4, The fitted curves also made possible 
the estimation of a lower bound on the amount 
of information that Ss are able to carry along 
at any one time during an arbitrarily pro- 
tracted sequence of three-digit numbers. 
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mental response of information-deprived Ss. 


shock were selected as the irrelevant drives, 
The hypotheses were derived from a view of 
drive summation consistent with that ad- 
vanced by Hull (1943). It was hypothesized 
that increasing proportions of control Ss 
responses would be made over time, with a 
slight decrement of response in the last 
quarter, as was found in the previous aud 
but that Proportions of responses in the shoc! 
group would be facilitated in the initial hours 
of the session, then followed by a decrement 
over the remaining hours as a result of 
accommodation to the repeated presentations 
of the shock, (Such accommodation has 
been clearly shown in a conditioned avoidance 
Procedure reported by MacDonald 119461) 
It was hypothesized that Ss entering T 
session under 14 hr, food deprivation woul 
have higher proportions of responses ana 
ciated with the initial hours than wou 
control Ss, and that Proportions of responses 
would be an increasing monotonic function 
of hours, rather than decreasing in the Jent 
quarter, as predicted for control Ss, The 
hypothesis of an increasing monotonic func- 
tion is necessitated by the assumption that 
the drive stimuli associated with food depriva- 
tion increase with hours of deprivation, at 
least over the moderate deprivation range 
employed here, 7 
Method.—The Procedure was similar to 
that of the Previous study, Thirty-six college 
Ss served in the information-deprivation 
condition for 8 hr. They were divided into 
three groups, one receiving occasional electric 
shocks throughout the session, another being 
deprived of food beginning 14 hr, prior to the 
session and continuing to its end, and a 
control group. The Ss were allowed to press 
a button causing patterned series of lights 
to appear, the relative information value of 
the series being determined by S through the 


compared by analysis of variance. The 

shock group and 

each found to differ s; 

Control group trend (P < 94 and P < .05, 

spectively, two-tailed tests). As may be 

Seen in Fig. 1, the differences are of the kind 
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hypothesized from the drive-summation for- 
mulation. The results are interpreted as 
further indication of the usefulness of an 
information drive concept. 

A separate analysis of variance analyzed 
the trends of response over information 
values of the 36 Ss pooled. Response was 
shown to be an increasing linear function 
of the amount of information associated with 
the light series (P < .025), thus corroborating 
a principal finding of the previous study. 
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SUPPLEMENTARY REPORT: THE INFLUENCE OF ONE STIMULUS ON THE 
PREDICTION OF THE ALTERNATIVE STIMULUS IN 
TWO-CHOICE PROBLEMS 


IRVIN RUBINSTEIN 
Walter Reed Army Institute of Research 


Goodnow, Rubinstein, and Lubin (1960) 
have shown that S tends to follow the condi- 
tional probabilities of a stimulus in making 
his predictions. The concern of this report 
is the effect on S of the conditional prob- 
abilities of one stimulus when he is predicting 
after occurrences of the alternative stimulus. 

Method.—Two groups of Ss, X and X, 
were asked to predict a series of blue and 
orange cards. The length of the series for 
Group X was 124 trials, for Group Y it was 
126. Group X was given a conventional 
50:50 series randomized on both blue and 
orange. It was arranged so that all condi- 
tional probabilities were equal to .50 and 
there were no runs of either color greater 
than 5. For Group Y the series was 49% 
blue to 51% orange overall. The slight 
discrepancy from .50 was undesirable but 
unavoidable. The runs of blue for this group 
were exactly the same as those for Group X, 
not only in overall composition but also in 
the order in which the runs were presented. 
The orange cards were, however, always pre- 
sented in run lengths of two for Group Y. 
There were 32 of these runs of orange. The 
conditional probabilities differed markedly 
from those of the orange runs given Group X. 

Procedure was similar to that used by 
Goodnow et al. (1960). The Ss were United 
States Army enlisted men. Each group made 
up a special type unit in the United States 
Army. Consequently the two groups were 
well matched for job and rank. There were 
38 Ss in Group X and 37 in Group Y. 


Results.—The series has been split into 
thirds for the analysis. Since there were a 
total of 32 runs of each stimulus, the first 
third includes Runs 1-10, the second, Runs 
11-21, and the third, Runs 22-32. Two 
methods of analysis appear feasible. First, 
we may compare the differences between 
the two groups on their prediction of blue 
after the occurrence of 1b (a single blue) and 
2b (a double blue). This should be decisive 
since the only differences between their 
stimulus series were in the structure of the 
orange. Since p(o/bo) for Group X is .50, 
while for Group Y itis 1, we expect that Group 
Y would be higher than Group X in its predic- 
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tion of blue following 1b. On the other hand 
since for Group X p(o/boo) is .50, while for 
Group Y it is 0, Group Y should be lower than 
Group X in its prediction of blue afterarun 
of 2b. The second approach is simply in 
taking the correlation in Group Y between 
S's prediction of blue given 1b, p(b/ob), and 
his prediction of orange given 1o, p(O/bo), 
and also between p(B/obb) and p(O/boo)!. 
These conditional probabilities are unrelated 
insofar as the structure of the stimulus series 
is concerned. Any correlation would, there- 
fore, have to be due to the tendency of S to 
react similarly to both stimuli irrespective 
of their differential structures. 

Figure 1 shows the percentage of choices 
of blue for the two groups when the series 
is split into thirds. Since Group Y is expected 
to exceed Group X's prediction of blue after 
1b, whereas the reverse should be true for 
the prediction of blue after 2b, the difference 
D between the two scores has been taken. 
This D score should maximize the effect of 
the experiment, 

The ¢ ratios between the D scores of the 
two groups for the three thirds are 3.86, 
2.95, 3.67, with 73 df. The significance levels 
are 001, .01, and .001, respectively. 


1 Upper case letters refer to respon 
anaes responses, lower case 
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In Group Y, ř(B/ob)(0/bo) for the three th 
are 34 (P = .05), .35(.05), and .31(. 
The robb)(O/boo) are .37(.05), .10(NS), and 
-60(.001). 4 

The hypothesis appears to be confirmed 
from both approaches. The ż ratios given 
are all in the expected direction. The signifi- 
cance levels are given from the two-tailed 
test, although a one-tailed test would be 
justified. 

Discussion.—The fact that Ss in predicting — 
two-choice series respond to the length of run 
of like symbols has been demonstrated by 
Goodnow et al. (1960). The results of the 
present experiment point out, however, that 
S is also influenced by the length of run of 
the alternative stimulus. The S appears to 
confuse and intermix his ideas about the two 
separate events. This appears to be so much 
the case, that aside from the statistical results 
given in this paper, only one of 37 Ss was able 
to verbalize the situation given Group Y, 
where the run structures of the two colors 
were utterly different. 

i 
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SOME FACTORS IN THE PROGRAMING OF 
CONCEPTUAL LEARNING? 


ROBERT M. GAGNÉ anp LARRY T. BROWN 


Princeton University 


Studies of conceptually mediated 
behavior in human beings are often 
concerned with the effects of varia- 
tions in previously established con- 
cepts on behavior in the solution of 
problems. This is true, for example, 
of the work of Maier (1930) with 
practical problems; of Luchins (1942) 
on water-jar problems; and of Maltz- 
man and his collaborators (Malzman, 
Eisman, Brooks, & Smith, 1956; 
Maltzman & Morrisett, 1952, 1953a, 
1953b) on anagrams; to mention a few 
well-known investigations. Usually, 
in such studies, the concepts employed 
by S are assumed to have a history of 
previous establishment, and are con- 
sidered to be available to S at the 
time the problem is set. Ina different 
category can be placed research on 
the learning (or formation) of con- 
cepts, such as that of Hull (1920), 
Smoke (1932), Reed (1950), and Heid- 
breder (1947), which need not be 
reviewed here. The concepts ac- 
quired in the course of the experiment 
are usually not further “used,” as in 
the solution of a problem, but are 


1 The research reported in this paper was 
supported in part by a grant from the Car- 
negie Corporation of New York. 


simply measured as being ‘‘estab- 
lished” in the sense that they meet 
a criterion of learning or recall. 

It would appear worthwhile to 
devote some effort to the experimental 
study of events which bridge these 
two processes of concept learning and 
utilization; in other words, to examine 
the question of how concepts (or 
concept sequences) which are newly 
learned subsequently enter into the 
activity of solving problems. There 
is the related question, too, of the 
extent to which observations of prob- 
lem solving performance may throw 
light upon the effectiveness of learning 
of the concepts employed. This is 
the general framework of the present 
study. 

Although there are a number of 
isolated studies of the learning of 
principles for problem solving, per- 
haps the best known intensive work 
on this subject is that of Katona 
(1940). His investigations demon- 
strate the relative ineffectiveness of 
“memorizing” and of “Verbal prin- 
ciple learning” in the solution of 
card-trick and match-stick pattern 
problems, , as compared with what 
Katona refers to as “understanding.” 
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A number of Katona's findings have 
been confirmed and amplified by 
other investigators (Hilgard, Edgren, 
& Irvine, 1954; Hilgard, Irvine, & 
Whipple, 1953). According to Ka- 
tona, the learning of “senseless con- 
nections” may be contrasted in its 
effectiveness for the solution of new 
problems with the learning of “mean- 
ingful organization.” When learning 
partakes of the apprehension of mean- 
ingful wholes, he considers it to be 
the sort which favors transfer to prob- 
lem solving situations. In Katona's 
experiments, the greatest success 
in solving card-trick problems was 
achieved by Ss who listened to an 
explanation of a basic problem and 
watched a step-by-step demonstration 
on the part of E. In the case of these 
materials, this method was found to 
be the most effective, followed in 
order by (a) learning a verbally stated 
principle; (b) memorizing the steps 
in the procedure; and (c) no training. 

Of considerable interest to those 
who want to study conceptual learn- 
ing has been the recent development 
of teaching machines and the pro- 
graming of learning materials for such 
machines (see Galanter, 1959), In 
general, descriptions of these develop- 
ments have made it clear that the 
intended use, at least, of teaching 
machines and their related procedures 
is for the establishment of useful 
concepts (often called “verbal be- 
havior”), as opposed to the memoriza- 
tion of rote materials, It would also 
appear that most investigators of 
learning programing believe that pro- 
cedures can be developed which will 
convey the kind of “understanding” 
that Katona describes, at least in 
terms of their effectiveness in estab- 
lishing whatever it takes to solve 
problems. However, from an exam- 
ination of representative published 
examples of programs (eg., Holland, 
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1959; Skinner, 1958) it is not im- 
mediately apparent that they are 
conveying “understanding” in the 
sense of capability for inducing trans- 
fer to new problem situations. They 
appear to be concerned primarily with 
the usage of words in a variety of 
stimulus contexts (e.g., the word 
“incandescent” in Skinner’s 1958 ex- 
ample). It seems possible, therefore, 
for such programing of conceptual 
material to induce the learning of 
“verbally-stated principles” which Ka- 
tona considers from his evidence to 
be less than optimal for problem 
solution. Whether this is actually the 
case or not cannot be told from 
present evidence. The very impor- 
tant reason for -this is that no in- 
vestigation of learning programing 
has used a measure providing evidence 
of transfer of the learning to per- 
formance in a problem situation. 
Specifically, the purpose of the 
present study was to obtain a measure 
of learning effectiveness of programed 
material, in terms which would permit 
a reasonable inference that ‘under- 
standing” had been accomplished, 
and to relate this measure to certain 
characteristics of the programing. 
The materials pertained to number 
series, and it was intended that Ss 
would learn to state and use formulas 
for the sum of any number of terms 
in such series. In measuring effec- 
tiveness, a test was used which re- 
quired transfer of learned principles 
to a novel problem solving situation. 
The characteristics of the program 
which were varied may be described 
as follows: (a) step-wise vs. abrupt 
Presentation (an extreme of “large 
steps” in a program); (b) encourage- 
ment of “discovery” of principles vs. 
“verbal statement” of principles. It 
may be said parenthetically that the 
relatively inadequate specificity with 
which such variations in stimulus 
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materials can presently be described 
is fully recognized. It was hoped that 
the present experiment would point 
the way to further refinement of such 
description in research to follow. 


METHOD 
Apparatus 


For the presentation of learning materials, 
a simple form of a teaching machine was 
employed. Cards (4 X 6 in.) containing the 
items to be responded to were placed in indi- 
vidual plastic cases of a visible card file. 
> contained 25 items. The fiber- 
board backing of the card file was then clipped 
to a board mounted on a stand inclined at 
about 40°, which was placed on a table in 
front of S. The correct response to each item 
was printed on the back of the card. The S 
read the item, wrote his response on an answer 
sheet numbered to correspond with the item 
numbers, and then flipped the card down- 
ward towards him to check the answer shown 
on the back of the card. When 25 items were 
completed in this way, Æ simply replaced 
the visible card file with another containing 
subsequent items in sequence. 


Materials 


The learning programs which were devised 
to teach principles pertaining to number series 
consisted of an Introductory program, used 
by all Ss; and three programs incorporating 
differences in experimental treatment, which 
were designated Rule and Example (R&E), 
Discovery (D), and Guided Discovery (GD). 
The Introductory program contained 89 
items, beginning with one which read: “Here 
is a series of numbers: 1 3 5 79 1113 ——, 
What are the next two numbers in this series? 
——." Its intention was to establish learn- 
ing of basic concepts, in a definitional sense, 
that would be used in later learning and 
problem solving. Specifically, these concepts 
were term value (any individual term in the 
series), and its symbol, T; term number (the 
position of a term in a series) and its symbol, 
n; and other derivatives of these such as 
n+1, Tra, 2", etc. The program was 
constructed of small steps, in accordance with 
principles described by Skinner (1958, 1959) 
and various other investigators (cf. Galanter, 
1959). It was revised after initial tryout with 
a few Ss, and seems to have achieved a fairly 
successful form. (The average number of 
errors made by boys of Grades 9 and 10 over 
the 89 items was 12.3.) 


Each of the experimental treatment pro- 
grams began with the item: “Here is another 
series. Series: 1 2 4 8 16 — —. Now we 
want to obtain a formula for 2” for this series. 
First, can you fill in the next two term values? 
——.” Each then provided, in the different 
ways to be described, practice in using the 
basic concepts previously learned in connec- 
tion with the following four number series: 


(Dat 2A. -SARE 
EEES COL 
(Gerke 2 4 8 16 fm 
(using a different formula) 
(isis: cist 
In each case, the series was ultimately dis- 
played in three rows which identified the 
term number, the series, and the sum of terms. 
In addition, arrows were used to direct atten- 
tion to the column in which the terms to be 
employed in the formula were to be found. 
The following is an example: 
La 2un Y peo A 
E N E Ol 32 Gee 


Term No.: 
Series: 


ZE 
S a, NaS ot 


The R&E program, following one or two 
introductory items for each number series, 
began by stating the correct formula in each 
case, which S was instructed to write down 
on his answer sheet. (For example, for Series 
1 the formula stated was Dr = Ta — 1.) 
Following this, items progressed in small 
steps through a number of examples which 
required the identification of terms in the 
formula, and the finding of numerical values 
for >" by the use of the formula, This 
program contained Items 90 — 125, or a total 
of 36. : 

The D program began with the same intro- 
ductory items, then abruptly stated “What 
is the rule for X”, in terms of any term number 
(n) or term value (T), or both? Try to do 
this by yourself. If you need a hint, turn to 
the next card. If you know the answer, 
TELL ME.” The following cards contained 
hints which further directed the attention of 
S to certain relationships between a specific 
sum such as 7, and a term value such as 8, 
by outlining these in red ink. Questions con- 
tained on each successive “hint” card gave 
progressively more complete guidance, with- 
out, however, stating the answer. Tt was 
necessary for S to show his answer to Æ, since 
there are several correct formulas for each 
series. As a whole, then, the D program had 
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the following sequence: Number Series 1: 
3 items, 2 hints; Number Series 2: 2 items, 
3 hints; Number Series 3: 1 item, 6 hints; 
Number Series 4: 1 item, 3 hints. 

The GD program began with the same 
introductory items as the others. Following 
this, an item stated: “What do you have to do 
to obtain the sum, or 2? Can you get X” by 
adding, subtracting, dividing, or multiplying 
the numbers in the row pointed to? For 
example, when E» is 3 (bottom row), the 
term-value pointed to is 4. If you know 4, 
you can get 3 by me 
Successive items gave further examples of this 
relationship, in a small-step fashion, until an 
item was reached which read: “Are you ready 
to state a general rule? Try it in symbols, 
letting Tanı mean the term-value of the x+Ist 
term.” Then followed several examples which 
required the use of the formula in finding 
specific numerical values for X», Altogether 
this program contained 40 items, numbered 
from 90 to 129, 

For all three groups, the same problem 
solving test was used to measure performance. 
This test comprised four problems, admi 
tered individually, each of which involved 
a number series with which Ss had no previous 
acquaintance. Each of the series was shown 
in a center row labeled “Series,” along with 
an upper row of digits labeled “Term No.” 
and a lower row labeled “X,” In each case, 
the instructions called for Sto find the formula 


for 2". The series employed in the test were 
these: 
Problem 1; 1 3 9 97 si — — 
Problem 2: 0 2 4 6 8 10 — 


Problem 3: } 1 
Problem 4; 


132 24 3 — 
LN ONS uk S Gries 


The problems were also accompanied bya 
Set of hints to be displayed Successively in a 
visible card file, under conditions to be 
described, These were constructed similarly 
to those hints used in the D program. 


Subjects 


either completed 
course in algebra 
mathematics which does not include algebra. 
Their grades in Grade 9 mathematics covered 
a range from 
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Eleven Ss were assigned at random to each of 
the three experimental groups, for a total of 
33. The administration of the program was 
discontinued in the case of 2 additional Ss 
who made more than 55 errors on the Intro- 
ductory program, and were therefore assumed 
to be quantitatively not comparable to the 
other Ss, 


Procedure 


In broad outline, the procedure began with 
the giving of instructions and the administra- 
tion of the Introductory program of 89 items, 
After a 3-min. break, S was assigned at 
random to one of the three experimental 
groups, and proceeded to complete one of the 
three learning programs. He returned the 
following day at the same hour, and went 
through the same program (excluding the 
Introductory) once again. A 3-min. break 
was given, and S received instructions for 
the problem solving test, which he then took. 

Introductory program.—Instructions were 
given to the effect that we wanted S to learn 
some things about number series. He was 
then told how to respond to the cards and 
how to manipulate them. In the case of an 
incorrect answer, he was to turn back the 
card, read it again, cross out his answer, and 
write the correct one, before going on. The 
E kept a record of errors and recorded time 
to complete the 89 items. Very infrequently, 
he answered questions by repeating relevant 
parts of the instructions, 

Learning program—The items of one of 
the three learning programs were administered 
in the usual way, following the 3-min. rest. 
Again, E recorded errors and time for com- 
pletion. With the D program, he also re- 
corded the number of hints used by S. The 
procedure employed with the three learning 
programs insured that, although the Ss 
responded to different sets of learning ma- 
terials, they all achieved successful answers 
to questions about the Same four number series. 
To make doubly sure that this was so, each 
S went through the same learning program 
a second time on the day following his first 
session. In this Tespect, it may be said that 
all Ss had roughly the same degree of previous 
experience with number series at the time of 
the test. 

. Problem solving test.—After a 3-min. rest, 
Instructions were given for the test. These 
Stated that the problems would be given one 
at a time, and 10 min, allowed for completion 
of each problem, The S was told to keep 
track of time by glancing at an electric timer 
Placed nearby. He was instructed to try to 
solve the problem (finding a formula for 2") 


CONCEPTUAL LEARNING oly 


by himself. At the end of 5 min., however, E 
would say “Look at Hint Number 1,” at 
which time S was required to turn a card 
exposing a hint. He could use further hints 
if he felt he needed to, without additional 
instructions from E, 

The test was designed to obtain maximal 
measurement potential from a limited number 
of number series available (since there are 
not many which can be treated in the manner 
covered by the learning program). The E 
kept a record of: (a) time to solve each 
problem (a problem not completed was 
recorded as requiring the maximum time of 
10 min.); (b) number of hints employed; and 
(c) incorrect answers. The last-named meas- 
ure yielded few usable scores, and was not 
employed in the analysis of results. Since 
each series can yield more than one correct 
formula, S was instructed to show his an- 
swers to E, who would tell him whether they 
were correct. The time at which S showed 
an answer was noted and recorded if the 
answer was correct; otherwise the timer was 
kept running and S told to keep trying. 
In case the problem was not solved at the 
end of 10 min., efforts were made to prevent 
discouragement of S by pointing to the 
numerals involved in the correct formula, 
without, however, expressing these in words 
or symbols. As for correct answers, verbal 
expressions (using the phrases “term num- 
ber,” “term value,” etc.) were accepted in 
place of symbolic expressions (using 2, Th 
etc.), although these were not frequent. 

Scoring performance.—The available meas- 
ures of performance on the problem solving 
test were time taken to solve, and number of 
hints employed. In addition to these, a 
proficiency measure was constructed which 
utilized both kinds of information, namely, 
a weighted time score, using the formula: 


Weighted Time Score = Min. + 4(Hint 1) 
+ 3(Hint 2) + 2(Hint 3) + 1(Hint 4) 
Subject to the possible distortion arising from 
combining experimental groups, the split-half 


A jability of this score was determined to be 
Ren 


RESULTS 


Introductory program.—Time to com- 
plete the introductory program ranged 
from 26.8 to 53.9 min., and errors on 
these 89 items from 2 to 37. Using a 
score of time and errors, a comparison 
Was made among those assigned to 
the three experimental groups. The 
results were as follows: Cond. R&E, 
M = 51, SD = 13; Cond. D, M = 49, 


TABLE 1 


Means, SDs, AND MEAN DIFFERENCES OF 
TIME, Errors, AND HINTS DURING 
First AND SECOND LEARNING 
SESSIONS, FOR EACH 


CONDITION 
Condition 
i R&E GD D 
Measure (N =11) (N =11) | (N =11) 


Time| Errors| Time} Errors| Time] Hints 


ist Learning 


Mean 28.8 | 6.2 | 33.2] 10.1 | 185] 3.9 

SD 8.7 | 4.4 6.9 44 5,5] 1.6 
2nd Learning) 

Mean 15.4 | 3.5 | 23.3 7A 9.8 | 2.5 

SD 3.4 | 3.2 6.6 Sih, 5.3 | 2,0) 
Difference 


in Means | 13.4 | 2.7 9.9 3.0 8.71) 1.4 


SD=12; Cond. GD, M=53, SD=10. 
So far as this initial performance 
measure is concerned, the groups may 
be assumed to be comparable. 
Learning program.—Table 1 pro- 
vides values of means and SDs for 
the time taken to complete learning 
during the first and second (relearn- 
ing) sessions. Errors during these 
sessions are given for Cond. R&E 
and GD, and number of hints re- 
quired for Cond. D. Comparisons 
among the groups in learning scores 
simply reveal differences in length 
(or difficulty) of the three learning 
programs. It is of some interest to 
note that Cond. D requires relatively 
the shortest time, during both the 
first and second learning sessions. 
The two other learning methods are 
more nearly comparable to each other 
in this respect, with gCond. GD 
showing greater time and error scores. 
The main comparison to be made 
is between the scores for the first and 
the second learning sessions, within 
each condition. The data of Table 1 
indicate reductions in both time and 
errors when these sessions are com- 
pared. The differences for errors and 
for hints (Cond. D) are not signifi- 
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cant. Differences in time scores 
between the two sessions are signifi- 
cant beyond the .01 level (t test) for 
all three groups. Using the time 
Scores as measures of learning leads 
to the conclusion, therefore, that sig- 
nificant learning gains took place 
with all three of the experimental 
learning methods. 

Problem solving performance.—The 
results of administering the test con- 
taining four new number-series prob- 
lems are contained in Table 2, showing 
means and SDs for the three measures 
used. Analyses of variance performed 
on these data yielded the following 
values: for time Scores, F = 6,77, 
P <.01; for numberof hints, F= 12.58, 
P <.01; for weighted time scores, 
F = 13.44, P < 01. In the case of 
time scores, Bartlett’s test indicates 
homogeneous variance; for the other 
two measures, however, the variances 
are significantly heterogeneous. Tests 
of t between individual means yielded 
the following values for the time 
scores: Cond. R&E vs, Cond. D, 
i= 5.29, P < 01; Cond. R&E vs. 

.26, P < -01; Cond. 
D vs. Cond, GD, ¢ = 2.48, P < .02. 
For number of hints, the values for 


t = 9.31, 
For the 
values 


RS O1; t =1.21, PS 4, 
weighted time scores, these 


TABLE 2 


MEANS AND SDs op THREE PERFORMANCE 
MEASURES ON THE FINAL NUMBER- 
SERIES Tasks, For Each 


Conpitiox 
Measure 
ome | Bitty | at | alee 
sate SD | M SD M | SD 
GD Lisl 3a |45 | $0 fags 12 
D 19.8) 6.1 | 2.2 | 10 28.4! 7.5 
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were = 7.61, P<.01; t= 9.96, 
P < 01; and £ = 2.36, P < 05. 

In sum, both the time scores and 
the weighted time scores show sig- 
nificant differences (.05 level) between 
means for the individual conditions, 
In the case of number of hints, the 
means of Cond. D and GD do not 
differ significantly, but both differ 
from the mean of Cond. R&E. The 
most effective condition of the three 
appears to be GD; R&E is the least 
effective, and D somewhere in between. 


Discussion 


Several things are shown by the results 
of this experiment, First of all, it is 
clear that the Construction of learning 
programs by the use of small steps and 
the manipulation of other, similar vari- 
ables which obliquely characterize con- 
tent, can lead to Programs which differ 
markedly in effectiveness. By the latter 
term we mean here the transfer of what 
is learned toa problem solving situation. 
In this study, both the R&E program 
and the GD program were designed to 
provide the kind of learning situation 
which Skinner (1958) and others have 
described. (It is recognized, however, 
that a further reduction in errors would 
be possible by redesign of some items.) 
The results obtained by comparison of 
the first and second (relearning) sessions 
give evidence that a significant amount 
of learning occurred in both programs. 
Just as obviously, learning also occurred 
in the D program, which may in one 
Sense be characterized as having used 

very large steps,” Although of course 
no direct comparison is possible because 
of the differences in these materials, it 
would apparently be difficult to make a 
Choice among these Programs, insofar as 
amount of learning is concerned. All 
of them show significant gains in per- 
formance from the first to the second 
learning session. They are all com- 
Parable in the sense that Ss “worked 
through” the same four number series. 

When a final performance in finding 
formulas for four new number series is 
measured, however, the picture is a 


: 
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very different one. With such a transfer 
measure, the performances of the three 
groups split apart quite markedly. The 
programs containing small steps are 
the ones which differ most in their 
effectiveness in terms of this measure, 
whereas the large step program (D) falls 
in between. The suggestion is irre- 
sistible that some aspect of what has 
been learned in this situation is of greater 
effect than how it has been learned. 

The finding that a Discovery method 
leads to greater transfer than does a Rule 
and Example method is quite consistent 
with the findings of Katona (1940) as 
well as other investigators (Haslerud & 
Meyers, 1958; Hilgard et al., 1954; 
Hilgard et al., 1953). Katona’s work 
itself suggests that the individuals who 
“memorize” solutions to his problems 
were simply not learning the right things. 
Left to discover solutions, they somehow 
were able to acquire the “knowledge” 
needed to solve new and unfamiliar 
problems. However, a noteworthy as- 
pect of the present findings is that it 
was possible to guess at what some of 
these right things might be, and so to 
construct a Guided Discovery program 
which was more effective than either 
of the other two. 

One of the limitations of this study, 
certainly, is that it does not tell us 
exactly what these “right things" are. 
It does not seem possible, at the present 
state of our knowledge, to design an 
experiment in this field which possesses 
the relatively exact degree of stimulus 
definition characteristic, say, of experi- 
ments using nonsense syllables with 
known association values. Neverthe- 
less, it may be possible to draw some 
inferences concerning differences between 
the R&E and GD programs, which will 
point to the kinds of variables that could 
be studied in more exact fashion in 
follow-up experiments. 

What were the crucial differences be- 
tween the R&E and GD programs? 
Both provided for step-by-step learning 
in connection with the same four num- 
ber series. Both provided examples in 
which formulas for the sum of terms 
had to be used with specific numerical 
values. The difference between them 
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appears to reside in the occurrence of 
the type of item described for the GD 
program (see Method) which does not 
occur in the R&E program, Examina- 
tion of this item, together with one or 
two subsequent items of a similar nature, 
shows that they required the use of 
previously learned concepts in a new 
stimulus context. In responding to such 
items, S presumably had to actively pro- 
duce such concepts as term number, 7, 
term value, T, Taşı, which he had just 
previously learned in the Introductory 
program, as well as some concepts learned 
even earlier, such as subtract, divide, mul- 
tiply, and add. That is to say, the items 
specifically required S to respond by 
writing, or otherwise reinstating, these 
verbal responses. In contrast, it may 
be noted that the R&E program did not 
require this; instead, entities like term 
number, T, 741 occurred as stimuli (in 
the formula provided) to which the 
required responses were the locating 
and copying of specific numerals. 

Presumably, the D program also 
required the use (i.e, supplying by S 
himself) of previously learned concepts, 
in a manner similar to GD, We cannot, 
of course, identify these specifically, as 
we can in the individual steps of the 
GD program. In other words, we can- 
not be sure that they were systematically 
practiced as responses in arriving at the 
formulas required as answers to the four 
number series. Some of them probably 
were, while some perhaps were not, 
The suggestion is, therefore, that the 
GD program led to a superior perform- 
ance because it required systematic 
reinstatement of learned concepts, where- 
as the D program permitted such rein- 
statement to be more of a random or 
chance affair, We do not consider that 
our experiment has proved this, but 
rather believe it is the kind of inference 
which may reasonably be made. 

It is noteworthy that the differences 
produced by the GD and the R&E 
programs resulted from differences in a 
relatively few items (four for each num- 
ber series of the learning program). 
There is consequently a suggested rela- 
tion between these findings and those of 
Maltzman and his associates (Maltzman 
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et al, 1956; Maltzman & Morrisett, 
1952, 1953a, 1953b) who have found 
that brief verbal instructions and brief 
periods of training may bring about 
significant differences in performance in 
the solution of anagram problems. In 
terms of Maltzman’s (1955) theoretical 
formulation, it might be argued that 
-a few crucial items in the GD program 
have served to raise the habit strength 
of certain connections, thus heightening 
the strength of essential habit family 
hierarchies of the sort mentioned pre- 
viously (i.e, those containing such 
responses as Tn}, n, as well as subtract, 
etc.). The ideas ‘of Saugstad (1955, 
1957) regarding the necessity for avail- 
ability of concepts in problem solving 
appear also to be related. In our experi- 
ment, it seems likely that the GD 
Program had the effect of increasing 
the availability of the Concepts term 
value, T, n+ 1, etc., as well as sub- 
tract, divide, etc., as we have previously 
noted. However, the present results do 
not make it possible to decide whether 
the reinstatement concepts 
accomplished the Strengthening of con- 
nections, or whether it perhaps aroused 
Some previously acquired organization, 
In a more general vein, it is certainly 
not a new idea that positive transfer of 
training to a problem solving situation 


Solving, Surely our experiment provides 
another demonstration of this effect; as 


er- 

formance test were most Systematically 
practiced in the GD program. But this 
general rule is not so completely obvious 
when one tries to apply it to the develop- 
ment of an effective learning program. 
For example, it might be said that the 
program, in which Ss were required 

to find formulas for new number series, 
Was most like the final Situation, in 
which the finding of formulas for new 
number serjes wag again required, Yet 
this Was not the most effective Program, 
in terms of positive transfer. 


present findings emphasize that the 
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sources of positive transfer are to be 
sought in the mediators of behavior, 
rather than in the behavior itself, To 
find the ways of developing effective 
learning programs, one must search out 
the specific concepts (verbal responses, 
if one prefers such language) which enter 
into the chain of events between the 
stimulus situation and the overt per- 
formance itself. One can probably do 
this on an empirical basis; however, it 
would seem desirable to attempt a more 
generalizable result, by continuing the 
effort to obtain increasingly exact defini- 
tions of “what is learned” in the direc- 
tion suggested by this study. 

We consider that Katona’s (1940) 
emphasis on “understanding” is correct 
insofar as it emphasizes the necessity 
for measuring learning effectiveness in 
terms of tranfer to a problem solving 
situation. Such a method was employed 
in this study. However, our results 
emphasize the importance of “what is 
learned” rather than “how it is learned” 
as the crucial factor in learning effective- 
ness. Discovery as a method appears 
to gain its effectiveness from the fact 
that it requires the individual learner 
to reinstate (and in this sense, to prac- 
tice) the concepts he will later use in 
solving new problems. To the extent 
that the GD program was able to identify 
these concepts, it could then provide 
systematic practice in their use, and thus 
lead to a performance superior to that 
attained otherwise. The practice pro- 
vided by the R&E program, in contrast, 
did not require the use of these essential 
concepts (although it permitted it), Ac= 
cordingly, it led to a distinctly inferior 
problem solving performance. 


SUMMARY 


An experiment was performed to investi- 
gate the effects of certain variations in the 
Programing of conceptùal learning materials 
on effectiveness of learning as measured by 
performance in a Problem -solving situation. 
The programs were designed to foster learning 
of concepts to þe used in the deriving’ of 
formulas for the sum of terms in unfamiliar 
number series, 

Thirty-three boys in Grades 9 and 10 were 
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assigned randomly to three groups of 11 each, 
and were tested individually. After first 
learning basic concepts pertaining to number 
series in a “small step” Introductory program 
of 89 items, the groups respectively went 
through three different learning programs 
called Rule and Example (R&E), Guided 
Discovery (GD), and Discovery (D). In a 
second session the following day, relearning 
of the program was followed by a task con- 
taining four problems, each requiring S to 
find the formula for the sum of n terms in a 
number series. Performance was measured 
in terms of time to solve, number of hints 
required, and a weighted time score combining 
these, 

The results show significant learning gains 
(P <.01) between Learning Sessions 1 and 2 
under each condition. Final performance 
scores indicated best performance for Cond. 
GD, worst for Cond. R&E, intermediate for 
Cond. D. Differences in these measures were 
tested by analyses of variance yielding P <.01 
in all cases. Variances were found to be 
homogeneous for time scores, not for the other 
two measures. For all measures, the means 
for Cond. R&E differed significantly from 
Means of the other conditions, when tested 
individually (P <.01). For time scores, 
comparisons of all individual means showed 
significant differences (P <.02). 

Discussion of the results emphasizes the 
importance of “what is learned” as opposed 
to “how it is learned” for problem solving 
performance. The Guided Discovery pro- 
gram, using small steps, requires S to rein- 
State (i.e., actively produce) certain concepts, 
a feature which may be lacking in the Rule 
and Example program. The Discovery 
Program, containing “large steps” may 
Produce such reinstatement in a less systematic 
manner, 
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SOCIAL AND TASK FEEDBACK ON THE 
ACQUISITION OF AN IMITATIVE 
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Several earlier studies (Kanareff & 
Lanzetta, 1958, 1960; Lanzetta & 
Kanareff, 1959) have demonstrated 
the attenuating effects of negative 
sanctions for imitation, induced by 
instructional variations, on the acqui- 
sition of an imitative response. Sub- 
jects, when faced with a choice be- 
tween employing a “disapproved” 
imitative response which has a high 
probability of leading to a correct 
decision or utilizing a positively 
sanctioned response of independence 
or opposition which has a low prob- 
ability of leading to a successful 
choice, appear to compromise: the 
Proportion of imitation responses eli- 
cited is less than expected either on 
the assumption that Ss attempt to 
Maximize their frequency of success 
‘or that they “event match” (Estes, 
1957), 

The use of instructions to manipu- 
late expectations of approval or dis- 
approval, however, did not allow 
evaluation or control of the intensity 
of the applied sanctions and conse- 
quently did not provide a test of the 
relative effects of social and task 
feedback on the acquisition of an 
imitative response. In an effort to 
provide more continuous and precise 

* This research was supported by Grant 
NSF-G 11427 of the National Science Founda- 
tion and Grant M-3909 from the National 
Institute of Mental Health, United States 
Public Health Service, The writers wish to 
express their appreciation to Jo Anne Davis 


for her assistance in collecting and analyzing 
the data. 
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control a recent study (Kanareff & 
Lanzetta, 1960) employed a verbal 
response from Æ as a social reinforcer 
in conjunction with an independently 
varied task reinforcement (indication 
of correctness or incorrectness). Ver- 
bal reinforcers have been shown to be 
effective in the conditioning of varied 
responses (e.g., Buss," Gerjuoy, & 
Zusman, 1954; Greenspoon, 1955) 
but they proved singularly ineffective 
in this study. Several possible rea- 
sons for the poor conditioning were 
recognized, some of which provided 
the rationale for the present pro- 
cedure. For one, E had stressed the 
importance of being correct and S 
was provided a visual signal as an 
indicator of performance adequacy. 
Thus, E’s verbal comments may have 
evoked minimal attention, Secondly, 
the verbal statements “okay” and 
“good” may not have had sharply 
discriminable “meaning” as social 
reactions. In view of this it appeared 
desirable to have the social reinforce- 
ment independent of E as well as 
independent of the task reinforcement 
and also to utilize as socially rein- 
forcing stimuli cues which would be 
more sharply discriminable. One 
such reinforcement would be a co- 
worker's emotional response to S's 
behavior on each trial. 

The present study employs the 
galvanic skin response” (GSR) pur- 
portedly from a partner as a social 
reinforcer, in conjunction with a task 
reinforcement. The Ss were given 


“ 


the task of predicting whether a red 
or green light would be illuminated. 
On each trial they were presented 
with two cues, an indication of cor- 
rectness of their choice and an indica- 
tion of the reaction of their partner. 
The £ controlled both cues and there- 
fore was able to control their con- 
gruence or incongruence, e.g., imita- 
tion of the partner could lead to a 
correct judgment but a negative 
emotional reaction from the partner. 
It was anticipated that congruence of 
social and task feedback would result 
in a higher level of imitation than 
when the reinforcements were in 
conflict. More specifically, for both 
task reinforcement conditions, it was 
predicted that the level of imitation 
would be a positive monotonic func- 
tion of the probability of a positive 
Social response from the “partner” 
for imitation. 


METHOD 


Apparatus and procedure—The Ss were 
tested in pairs, but were seated in separate 
enclosed booths. Each booth contained a 
Tesponse box on which were two response 
keys and two pairs of red and green signal 
lights mounted one above the other. The 
task was to predict whether the red or green 
light of the top pair of lights would be illumi- 
nated. The S indicated his prediction by 
Pressing the appropriately labeled response 
key. Each S was led to believe that his 
Partner's choice, indicated by the lights 
above the response keys, was given first. 
The Æ was thus able to simulate the partner 
Y presenting a programed sequence of 
Partner’s’’ choices to each S. The correct- 
ness of S's choice was indicated by the top 
Tow of lights on the response box. 

In addition to the response box, there was 
Placed in each booth a “galvanometer” which 
Ss were told would measure GSR reactions. 
Two electrodes purportedly connected to a 
Salvanometer in the “partner's” booth were 

attached to S's left palm in order to allow 
"the “partner” to see S’s GSR. The galva- 
Nometer in S’s booth was similarly to inform 
S of the “partner's” emotional responses. 
he galvanometers were disguised de volt- 
Meters which were controlled by Æ. The 
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“partners’” emotional response was pro- 
gramed by E according to the schedule of 
social reinforcement in effect.? 3 

The sequence of task events is as follows : 
(a) A buzzer signal indicates the start of a 
trial. (b) Within 3 sec, Æ selects the “part- 
ners” choice and it is displayed on Ss’ 
response boxes. (c) This serves as a signal 
for both Ss to make a choice. (d) Two 
seconds after Ss respond the GSR reading 
is displayed. It remains displayed for 4 sec., 
until the red or green “outcome” light is 
illuminated, (e) The “outcome” signal re- 
mains displayed for 3 sec. One second after 
it terminates the buzzer is sounded starting 
a new trial. 

Instructions—The following paraphrased 
portions of the instructions indicate the 
rationale provided to Ss: 


Most of you are probably familiar with 
gambling phenomena and the kinds of 
guesses that people make when gambling. 
We're primarily interested in seeing how 
autonomic reactions, that is, emotional 
reactions are related to the types of guesses 
people make. You will be asked to make 
a choice as to whether the red or green light 
on this box will be illuminated. Indicate 
your choice by pressing the appropriate 
button on the box in front of you. The 
apparatus is constructed so as to auto- 
matically produce a sequence of red and 
green lights for you to predict. 

The particular autonomic function we'll 
be measuring today is palmar sweating, 
In the past our Ss have shown a great deal 
of curiosity about this response so we tried 
to arrange the equipment to allow you to 
watch the GSR readings. Since the guesses 
you make might be affected if you see your 
own reactions, we can’t let you watch your 
own GSR. However, we can let you watch 
your partner's reactions so that you can 
get some feeling for the way emotional 
tension changes over time. 

We have a pair of electrodes and a galva- 
nometer. Changes in skin resistance are 
picked up by the electrodes and trans- 
mitted to the galvanometer. As you can 
see, when the pointer falls here on the scale 
the emotional state is positive, the person 
feels pleased about what goes on; when it 
falls in this area, the emotional state is 


2 We are indebted to members of the staff 
of the Communications Social Science Re- 
search Department of Bell Telephone Labora- 
tories for suggesting this experimental tech- 


nique. 
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negative, he feels displeased about what 
goes on. The galvanometer will be con- 
nected for readings as soon as both of you 
make your predictions. The pointer will 
rest in the center position until both of you 
make your predictions, it will then move 
to the right or left of center showing your 
partner's reaction to what went on. 


Subjects and design.—The three probabili- 
ties of social reinforcement used were .50 for 
imitation, and 1.00 for opposition. On the 
1.00 schedules the “partner's” emotional 
response was positive (pleased) for all imita- 
tion (or opposition) responses, i.e., for all 
choices identical (or opposite) with the part- 
ner’s, On the .50 schedule the “partner's” 
emotional response was positive on 50% of 
the trials and negative on the other half, the 
order of positive and negative responses 
being randomized. 

The two probabilities of task reinforce- 
ment used with each schedule of social rein- 
forcement were .80 and .50, On the .80 
schedule the ‘‘partner’s” choice was called 
correct on 80% of the trials, i.e., imitation 
of the partner was instrumental to being 
correct. On the .50 schedule the partner's 
choice was correct on one-half of the trials. 

The three probabilities of social rein- 
forcement and two probabilities of task rein- 
forcement formed a 3 X 2 factorial design. 
Forty-eight male and 24 female college stu- 
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dent volunteers were randomly assigned in 
like-sex pairs to the six cells with the restric- 
tion that there be 8 male and 4 female Ss in 
each cell. 

The dependent variable was the number 
of imitation responses per 10-trial block. 
There were 100 trials. 


RESULTS 


Experiment 1,—Figure 1 and Table 
1 indicate the major results: (a) The 
task reinforcement significantly af- 
fected the rate and level of acquisition 
of imitation responses. (b) The level 
of social reinforcement had little 
effect on the frequency of imitation 
for either of the task reinforcement 
conditions. 

Interviews at the termination of 
the session indicate that Ss were 
generally aware of the partner’s emo- 
tional response throughout the session. 

For the present population of Ss 
and present conditions, it appears 
that the efficiency of a response for 
achieving success is more important 
in determining its rate of utilization 
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TABLE 1 
ANALYSIS OF VARIANCE OF IMITATIVE 
RESPONSES 
Source df | MS F 

Task reinforcement (TR) | 1 |192.20) 16.15* 
Social reinforcement (SR) | 2] 4.42) — 
Trials (T) 9| 16.01) 9.54* 
Sex (S) 1 | 25.07) 2.11 
TR X SR 2! 6.43) — 
oR xX T 9} 9.15] 4.79% 
ER XS 11 1.60 — 
SRXT 18| 2.29) 1.20 
SR XS 2 | 19.58) 1.64 
IEX S Oy 2223017 
TR X SR XT 483) 3.85), —= 
TRXSRXS 2| 31.64] 2.66 
oR xT XS D Sse — 
SRXTXS 18] 1.58) — 
TRXSRXTXS 18| 1.94) 1.01 
Ss within groups 60 | 11.90) 6.23* 
Ss within X T 540| 1.91 

Total |719 | -3.49 

| 


T" is used as the error term 
and all interactions involving 
is used for all other terms. 


than a partner's “emotional reaction” 
to the response. It is possible that 
the social motive, approval by others, 
is weak relative to the aroused 
achievement motive, and Ss regard 
the partner's response as essentially 
“noisy” information. This suggests 
two further experimental possibilities: 
eliminating the task reinforcement 
(indication of correctness) might in- 
crease the efficacy of the social rein- 
forcement ; and increasing the strength 
of the motivation for approval might 
increase the effects attributable to 
Social reinforcement. Two brief ex- 
ploratory studies were performed to 
check on these suggestions. 
Experiment 1a.—The first point was 
examined by simply eliminating the 
task reinforcement. The procedure 
was identical to that reported above 
except that the correct answer was 
Not given to Ss after each trial. At 
the end of 100 trials they were told 
ow many correct predictions they 
had made. There were 16 males, run 
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in pairs, 8 under each of the two 
schedules of social reinforcement, 1.00 
for imitation, 1.00 for opposition. 
Figure 2 indicates that simple elimina- 
tion of the task reinforcement did not 
appreciably enhance the effects of 
the social reinforcement. In general, 
the level of imitation is higher when 
imitation is socially reinforced but 
the difference is not significant. 
Experiment 1b—The second test 
required some method for strength- 
ening the motivation for approval. 
This was accomplished by informing 
Ss that on the basis of their perform- 
ance in the present session certain 
Ss would be chosen for subsequent 
studies on decision making for which 
they would be paid. They were 
informed that two criteria would be 
important in selection, their accuracy 
in prediction and their compatibility. 
To assess the latter they would be 
asked to complete a compatibility 
rating scale on their partner at the 
end of the session. In all other 


respects the method was identical 
to that used in the above described 
study. There were six males under 
each of the two schedules of social 
for 


reinforcement, 1.00 imitation, 


1.00 for opposition. 
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Fic. 3. Mean number of imitative re- 
Sponses per block of trials as a function of 
Probability of social reinforcement: No task 
feedback; compatibility rating. 


Figure 3 indicates that the intro- 
duction of the compatibility evalua- 
tion did result in a marked effect 
attributable to the social reinforce- 
ment. The Ss imitated when imita- 
tion was approved of by the “partner” 
and opposed when opposition was 
approved by the “partner.” The 
mean difference between the condi- 
tions is significant (F=8.61, df= 1/10, 
RERS Tt appears that Ss, our 
college Ss at least, are not terribly 
concerned about social approval un- 
less it is instrumental to some more 
important goal. 

The results of a further test of this 
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same possibility, using 20 Ss per 
condition, are shown in Fig. 4. The 
difference between the two conditions 
is significant (F = 8.49, df = 1/36, 
P <.01). It should be noted, how- 
ever, that the effects of a 1.00 schedule 
of social reinforcement appear to be 
much less than the effects of a .80 
schedule of task reinforcement (com- 
pare .80 conditions in Fig. 1 and 4), 


Discussion 


The results clearly confirm our earlier 
findings on the effects of different sched- 
ules of task reinforcement on the acquisi- 
tion of an imitative response: the level 
of imitation is a Positive function of the 
Probability of task reinforcement for 
imitation, However, as in an earlier 
study using verbal feedback from E 
(Kanareff & Lanzetta, 1960), social feed- 
back did not appreciably . affect the 
Probability of an imitative response 
under either of the task feedback 
conditions, 

The inefficacy of the GSR as a social 
reinforcer may be attributable to many 
factors, of which the following appear 
Most plausible: 

1. When two cues are available, one 
of which is specified as relevant to the 
Primary task of performing effectively, 
Ss will attend to the cue specified as 
relevant, Operant conditioning studies, 
especially those utilizing a verbal rein- 
forcer, typically Provide cues which are 
unspecified; they may be interpreted 
either as task or social feedback. In the 
Present study Ss receive task informative 
feedback as well as independent social 
feedback which is Known to be irrelevant 
to task performance, Terrell and Ken- 
nedy (1957) have demonstrated that 
when one of two sets of cues is labeled 
as task informative while the alternative 
set is left unspecified, the specified set 
predominates. Our results may be re- 

flecting the Operation of such a selective 
teaction to labeled features of the 
environment. 

2. Subjects may not have been moti- 
vated to elicit positive reactions from the 
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partner. In view of the results for the 
-5 task reinforcement condition and the 
data obtained under “no task feedback” 
conditions the labeling of cues per se 
postulated above does not appear to be 
the critical variable. More important 
may be the cues which define the primary 
objective of performance. The Ss may 
define their task to be that of attaining 
a high number of correct responses and 
only cues which are specified as relevant 
to this task are attended to. When the 
specified cues are invalid or when no 
cues are specified as task informative 
Ss may attempt to utilize other non- 
labeled cues which are available but 
they will not employ cues which have 
been specified as nonrelevant by E. 
Implicit in such an analysis is the as- 
sumption that the experimental condi- 
tions are highly effective in arousing 
strong achievement motivation; so strong 
indeed that even when no cues are 
provided for guiding behavior toward 
achievement goals Ss do not respond to 
cues which allow them to achieve a 
Presumed secondary goal of “pleasing 
the partner.” The results obtained 
when a more explicit effort is made to 
arouse or heighten the motivation to 
“please the partner” lends some support 
to the assumption that affiliation mo- 
tives were weak relative to achievement 
motives in the major study. 

3. Subjects did not “perceive” the 
contingency between the partner's GSR 
responses and their own behavior but 
rather assumed that the partner was 
responding to his own success or failure. 
This is not to imply that a “perceived” 
Contingency is necessary or sufficient 
for Conditioning; there is some evidence 
that conditioning can be achieved even 
when Ss do not report being aware of a 
Contingency between response and rein- 
forcing cue (e.g., Dailey, 1953; Essman, 
1959) although Levin (1961) has recently 
challenged these findings. Rather it is 
assumed that a set to associate a cue 
with an event over which one has no 
Control will attenuate the effectiveness 
of the cue as a reinforcer. 

Unfortunately, no systematic proce- 
dure was employed to determine whether 


Ss did in fact perceive a relationship 
between their own responses and part- 
ner's GSR. Some Ss spontaneously 
volunteered information which indicated 
that such an association was often made. 
The same remarks, however, force one 
to question the assumption that Ss, if 
concerned about the partner's reaction 
at all, are motivated to elicit a positive 
GSR response. One S spoke with glee of 
his ability to negatively arouse his partner. 
The two exploratory studies do not 
efficiently rule out any of these possible 
explanations of the inefficacy of the 
social reinforcement when paired with a 
task reinforcement. Elimination of the 
task informative feedback did not en- 
hance the effects of the social feedback, 
which casts some doubt on the viability 
of Explanation 1, but does not help in 
discriminating between 2 and 3. Intro- 
duction of the additional criteria of 
“compatibility” did enhance the effects 
of the social reinforcer but the induction 
was not evaluated under conditions where 
task and social feedback are both present. 
In addition, the increased conditioning 
with this induction may be attributed 
to either heightened motivation to please 
the partner per se (Explanation 2) or 
to an increase in observational responses 
of the GSR cue which would increase 
the likelihood of Ss perceiving a con- 
tingency between their own behavior 
and the partner’s GSR (Explanation 3), 
Further studies are obviously necessary 
in order to select among these alternative 
possibilities, i 
SUMMARY 


The present study examined the effects 
of a social reinforcement (emotional response 
of a partner) either congruent or in conflict 
with a task reinforcement (indication of cor- 
rectness) on the frequency of utilization of an 
imitative response in a two-choice prediction 
situation. 

Previous studies have amply demonstrated 
the efficiency of various social responses as 
reinforcers for a variety of classes of behavior. 
Typically, however, the social reinforcer has 
not been paired with an objective indication 
of performance adequacy—‘social reality” 
has been the only basis provided for evaluat- 
ing performance (e.g., Asch, 1956; Festinger, 
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1954). The present study indicates that for 
the limited set of conditions employed, at 
least, a social reinforcer is much less effective 
in modifying behavior than an objective 
indication of response adequacy. The efficacy 
of the emotional response of the partner was 
enhanced by making it instrumental to other, 
more remote, goals but even under such 
conditions it was less effective in modifying re- 
sponse probabilities than a task reinforcement. 
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RUNNING SPEED IN RATS AS A FUNCTION OF DRIVE 
LEVEL AND PRESENCE OR ABSENCE OF 
COMPETING RESPONSE TRIALS: 


GEORGE A. CICALA? 


Princeton University 


In a recent paper, Estes (1958) has 
offered a tentative theory of motiva- 
tion based on the proposition that 
“drive stimuli are simply stimuli with 
no special properties whatever” (p. 
42). This view contrasts sharply 
with that of Hull (1951) who at- 
tributes to drive stimuli both stimu- 
lus properties and special energizing 
properties. 

In Estes’ theoretical analysis of 
drive he argues that increases in run- 
ning speed as a function of increased 
drive level are due not to the ener- 
gizing properties of drives, but rather 
to the differential sampling proba- 
bility of drive stimuli and the effects 
of extraneous stimuli in the learning 
situation. He maintains that during 
acquisition both differential sampling 
of drive stimuli and extraneous stim- 
uli are responsible for differences in 
running speed usually found at dif- 
ferent drive levels. At the asymptote 
of training he postulates that all drive 
stimuli are conditioned to the relevant 
goal response, and that differences in 
running speed are solely due to the 
distracting effect of extraneous stimuli. 

In an experiment relating to these 


1 This research represents, in part, a 
dissertation submitted to the Princeton 
University faculty in partial fulfillment of the 
requirements for the PhD degree. The author 
wishes to express his thanks to Byron A. 
Campbell for his continuing encouragement 
and assistance throughout all phases of this 
work. While this research was being under- 
taken, the author was a Public Health Service 
Terminal Year Fellow. 

2 Now Public Health Service Postdoctoral 
Fellow, Princeton University. 


assumptions as they apply to asymp- 
totic performance, Cotton (1953) 
compared asymptotic running speed 
on all trials versus those trials on 
which extraneous responses were not 
observed to occur. This technique 
of analysis was based upon the ra- 
tionale that although it was impos- 
sible to exclude from the experimental 
situation all extraneous stimuli, this 
effect might be accomplished by 
removing from the data all trials 
on which behavioral evidence indi- 
cated the presence of such stimuli. 
Cotton found that when all trials were 
included in the analysis, running 
speed was an increasing function of 
the period of deprivation. When 
trials on which competing responses 
occurred were excluded from the anal- 
ysis, however, this effect was severely 
diminished. This finding was inter- 
preted by Estes (1958) as supporting 
the hypothesis that differences in run- 
ning speed at different drive levels 
were attributable to the presence of 
unconditioned, extraneous stimuli. 


EXPERIMENT Í 


This experiment was designed to 
study the acquisition of a running 
response when competing response 
trials are excluded from the data. 
The main interest in this type of 
analysis stems from the point of view 
that acquisition of an instrumental 
response may be entirely a function 
of the elimination of competing re- 
sponses, although Estes does not sug- 
gest this as a specific possibility. A 
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secondary aim of this study was to 
test Estes’ (1958) prediction that 
learning curves under different levels 
of deprivation will converge as the 
asymptote of training is approached 
when competing response trials are 
removed from the data. 


Method 


Subjects—The Ss used in this study were 
48 male albino rats of the Wistar strain, 
between 90 and 100 days of age at the start 
of the experiment. 

Apparatus—The apparatus consisted of a 
4-ft, alley with a 1-ft. startbox and four 
removable goalboxes 1 ft. in length. The 
alley, start, and goalboxes were 6 in. wide. 
The sides were constructed of aluminum, 
the floor of stainless steel grids, and the top 
was of Plexiglas to permit E to observe the 
animal while it was traversing the alley. 
Running time was recorded on a Standard 
Electric timer by means of photocells mounted 
2 in. from each end of the alley. 

Procedure,—Initially, Ss were placed in 
individual cages and given ad lib. access to 
food and water for 3 days. They were then 
assigned to four groups equal with respect to 
weight, and placed on a restricted diet of 
10, 15, 20, and 25 gm. of Purina laboratory 
chow which was placed in a food cup in the 
home cages at 3 p.m. each day. After 11 days 
of adaptation to this schedule, Ss were con- 
ditioned to run a straight alley for a constant 
reinforcement of six 45-mg. food pellets 
manufactured by the P. J. Noyes Company. 
The Ss were run between 9 A.M. and 12 N. 
each day, 

The daily procedure was as follows: 4 
Ss were removed from their home cages and 
Placed in the four goalboxes, The S was 
removed from the goalbox and placed in the 
stationary startbox, after which the goalbox 
Was positioned at the end of the alley. The 
S was permitted 3 min. to enter the alley, 
after which it was pushed into the start 
section of the alley and Permitted 3 min. to 
enter the goalbox. If it had not entered the 
goalbox in the 3 min. alotted, it was placed 
in the goalbox and left there until all six 
pellets were consumed. Each S of the squad 
was run once on each rotation until each of 
the 4 Ss had received its appointed number 
of trials for that day. 

iy he Ss were given 58 trials in the runway, 
One trial was given on Day 1, two on Day 2, 
three on Day 3, and four on each subsequent 
day for 12 days, Running times were meas- 
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ured for each trial, and Z made a graphic plot 
of each S’s path and competing responses as 
it went down the alley. Following Cotton's 
(1953) procedure, a “competing response” 
was defined as any trial on which S stopped, 
scratched, or exhibited any behavior incom- 
patible with runway traversal. 

The experiment was run in four sections. 
Each part consisted of the following depriva- 
tion groups. Part 1: 10 and 20 gm., Part 2: 


10 and 20 gm., Part 3: 15 and 25 gm., Part 4; 
25 gm. The total number of Ss at each 
deprivation level was 12. Since age and 
environmental conditions were controlled 


during training, the fact that deprivation 
levels were not equally distributed over the 
course of the experiment was considered not 
an important design deficiency. 

In order to establish the reliability of E's 
judgment concerning S’s behavior on each 
trial, samples of trials in all deprivation 
groups, as well as for different stages of acqui- 
sition, were run with two observers. Out of 
the total of 125 trials (75 with a trained 
psychologist as the O and 50 with a laboratory 
technician trained in biology) the observer 
agreed with E as to whether or not a com- 
peting response had occurred 119 times 
(95% agreement), indicating a high degree of 
accuracy in judging the presence or absence 
of competing responses. No difference in 
reliability was found between the untrained 
technician and the two psychologists. 


Results and Discussion 


Figure 1 shows the main results 
of Exp. I. The left-hand portion of 
the figure shows mean running speed 
in the alley when both competing and 
noncompeting response trials are in- 
cluded in the analysis, and the right- 
hand portion shows running speed 
when only noncompeting response 
trials are included in the analysis. 
At the asymptote of training (Days 
10-16) all differences between once- 
removed groups (e.g., 10 gm. vs. 
20 gm.) were significant at beyond the 
-01 level (the Mann-Whitney U, two- 
tailed test was used for this and all 
subsequent difference tests) for both 
analyses. Another important aspect 
of the data is presented in Fig. 
which shows the mean number of 
competing responses observed for each 
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Fic. 1. Mean running speed for all trials (left) and for trials on which no 
competing response occurred (right): Exp. I. 


group for each block of four trials 
during acquisition. For each point, 
then, the maximum number of com- 
peting responses was 48. Clearly, the 
number of noncompeting response 
trials varies with drive level. Differ- 
ences between once-removed groups 
were significant at the .02 level or 
better. In short, the data indicate 
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Fic. 2. Mean number of competing re- 
sponse trials over the course of acquisition: 
Exp, I. 


that the acquisition curve is not 
entirely determined by the dropping 
out of competing responses during the 
early phases of learning. Although 
the number of competing responses 
decreases over the course of acquisi- 
tion, the removal of competing re- 
sponse trials does not serve to decrease 
the divergence of the acquisition func- 
tions for the different drive levels. 


EXPERIMENT lI 


In Exp. I it was noted that the 
removal of competing response trials 
did not cause a greater convergence 
as the asymptote of training was 
approached than was found when all 
the trials were included in the analy- 
sis. Because of this finding, Exp. IH 
was designed to study running speed 
with and without competing response 
trials as a function of the level of 
drive at the asymptote of training. 
Specifically, it was hoped that this 
study would provide a test of Estes’ 
(1958) assumption that, at the asymp- 
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tote of training, speed on trials without 
competing responses will not vary asa 
function of drive level. 


Method 


Subjects and apparatus—The Ss used in 
this experiment were 21 male albino rats of the 
Wistar strain, about 130 days of age at the 
beginning of the experiment. The apparatus 
used was the same as that employed in Exp. I. 

Procedure—The Ss were divided, by 

matching according to weight, into three 
groups of 7 Sseach. Group LD (Low Drive) 
was fed for 2 hr. before the daily running 
time (7 A.M. to 9 A.m.). Group HD (High 
Drive) was fed for 2 hr. after the regular 
running time (1 P.M. to 3 P.M.), and Group A 
(Alternated) was alternated daily between 
the before and after feeding time. For pur- 
poses of presentation Group LD was con- 
sidered to be 0 hr. deprived, and Group HS 
18 hr. deprived. It should be noted that 
using this feeding schedule, all Ss received 
roughly the same amount of food each day. 
This technique resulted in weight changes 
which were constant among the groups. 

Following 16 days of adaptation to this 
method of feeding, Ss were given one trial 
per day in the runway for a period of 4 
days. As in Exp. I, each traversal of the run- 
way was regularly reinforced with six 45-mg. 
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food pellets. After the first 4 days of running, 
10 days of two trials per day were given 
followed by 32 days of four trials per day. 
Running speeds were measured, and trials 
on which competing responses occurred were 
recorded. 


Results and Discussion 


The left-hand portion of Fig. 3 
shows mean running speed per day 
for the last 11 days of training, 
Trials 108-152, when all trials includ- 
ing both competing and noncompet- 
ing response trials are used in the 
analysis. The asymptotic nature of 
performance at this stage is indicated 
by the lack of any significant trend 
toward higher or lower running speeds. 
It will be noted that Group HD runs 
consistently faster than Group LD 
(P = .05). Group A shifts its per- 
formance consistently with the daily 
drive condition (P = .07) between 
the before and after feeding conditions. 

When competing response trials 
are excluded from the data, as shown 
in the right side of Fig. 3, Group HD 
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The comparison between Cotton's data and the results of Groups 


A, HD, and LD of Exp. IL * 


remains consistently superior to Group 
LD (P = .04). Again, it should be 
noted that the functions are asymp- 
totic as indicated by the lack of any 
significant trend. That the removal 
of competing response trials fails to 
diminish the differences in running 
speed between Groups HD and LD 
indicates that the differences were 
not entirely determined by the pres- 
ence of extraneous cues. This con- 
clusion is clearly contrary to Estes’ 
(1958) assumption that at the asymp- 
tote of training, running speed, when 
competing response trials are excluded 
from the data, does not increase as a 
function of increased drive level. It 
appears, rather, that running speed 
varies as a- function of drive level 
even when competing response trials 
are excluded from the analysis. 


The results of Group A, however, 
appear to confirm Estes’ (1958) predic- 


3 The plot of Cotton's data was made 
from the reciprocal of the mean running 
times in Group II, Test Period II (Cotton, 
1953). The data were supplied in a personal 
communication. The graph appears to be 
he a as that presented by Spence (1956, 
Pp. 171), 


tion, in agreement with Cotton’s (1953) 
results, since the removal of competing 
response trials reduces greatly the differ- 
ences in running speed between the two 
drive conditions. This relation is shown 
more clearly in Fig. 4 which compares the 
results of Group A and the nonalter- 
nated groups of the present study with 
the findings reported by Cotton (1953). 
For the two graphs plotted from the 
data of the present study, only the 
postasymptotic performance (Days 36- 
46) is included. As can be seen, when 
the data from Cotton's study are com- 
pared with the data from Group A of the 
present study, the functions obtained 
are nearly identical. However, when 
a similar plot is made for Groups HD 
and LD of the present study, the removal 
of competing responses does not reduce 
the slope of the function. 

It should be remembered that Cotton 
(1953) gave all his Ss extensive training 
at all drive levels before measuring the 
asymptotic response of each S under 
each drive level—a procedure very simi- 
lar to that used with Group A in the 
present study. This procedure was 
selected, according to Cotton, in order 
to eliminate the possible effects of differ- 
ential drive stimulus generalization by 
permitting the discrimination of drive 
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stimuli to occur. It is not clear, how- 
ever, that overtraining at different drive 
levels eliminates the problem of differen- 
tial drive stimulus generalization. Cot- 
ton cites no evidence to that effect, 
and the experimental evidence available 
does not appear to be conclusive. While 
there is evidence that some stimulus 
discrimination can occur in the absence 
of differential reinforcement (Bitterman, 
Calvin, & Elam, 1953; Bitterman & 
Elam, 1954; Bitterman, Elam, & Wortz, 
1953), this effect has not been demon- 
strated with respect to drive stimuli. 
Even where differential reinforcement 
was used (Bloomberg & Webb, 1949; 
Jenkins & Hanratty, 1949), drive stimu- 
lus discrimination requires a great many 
trials before it becomes manifest in 
differential responding. 

In the light of these considerations, 
it may be that overtraining at alternated 
drive levels does not eliminate the pos- 
sibility of drive stimulus generalization, 
and, accordingly, that drive stimulus 
generalization accounts, in part, for the 
differences between the alternated and 
nonalternated groups, 


SuMMARY 


Two experiments, utilizing Cotton's (1953) 
technique of analyzing noncompeting response 
trials separately, were performed to determine 
the role of extraneous stimuli in the acquisi- 
tion and performance of an instrumental 
running response. In Exp, I running speeds 
were measured during acquisition with 
amount of food deprivation as the parameter, 

en competing response trials were re- 
moved from the data, normal acquisition 
functions still obtained and no greater con- 
vergence of the drive functions was found 
than when all trials were included in the 
analysis, In Exp. IL running speeds were 
measured for a High, Low, and Alternated 


Drive Group. For Groups HD and LD, 
removal of competing response trials did not 
reduce differences as a function of drive. For 
Group A, however, this operation served to 
reduce differences between the two drive 
conditions. These results were interpreted 
as supporting the view that asymptotic per- 
formance varies as a function of drive and 
that this relation obtains even when compet- 
ing response trials are removed from the 
data. 
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The present study synthesizes sev- 
eral recent theoretical trends bearing 
on paired-associate learning by postu- 
lating that learning a single pair may 
involve, not just a single link between 
the stimulus member, S, of the pair 
and its response member, R, but 
rather a chain of habits involving at 
least three links. 

The first postulated link in this 
habit chain involves associating with 
each S a mediating, stimulus-pro- 
ducing response, r. This r is a partial 
representation of the S to which it 
becomes connected, encoding some 
aspect of the S which discriminates 
that S from the others in the list. 
Evidence that S does tend to encode 
the S only partially and, more spe- 
cifically, only with respect to aspects 
that usefully distinguish it from 
other Ss in the list, is found in 
the stimulus predifferentiation studies. 
Prelearning a set of Rs to a set of Ss 
is found to result in positive transfer 
when a new set of Rs are then learned 
to the Ss provided the Ss are distin- 
guished by the same aspects on both 
tasks (Goss, 1953). If they are 
` distinguished by a new aspect, how- 
ever, there is no transfer if the old 
aspect is missing on the new task 
(Hake & Ericksen, 1956); and nega- 
tive transfer results when the old 


1This paper is based on a dissertation 
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aspect is present and interferes with 
the encoding of the alternative aspect 
that has been made significant on 
the new task (Kurtz, 1955). 

The difficulty of this first habit 
component (S-r) can be manipulated 
by varying the physical similarity 
(primary generalization) of the set 
of Ss, as is done in the present study 
and, in principle, by Goss (1953), or 
by varying the number of irrelevant 
dimensions, as in the typical concept- 
attainment study (Pishkin, 1960) in 
which S must learn which is the 
relevant dimension along with the Ss 
can be discriminated. 

The second link in the habit chain 
involves learning to make the appro- 
priate gross response, R, to each 
stimulus, s, produced by the mediat- 
ing, labeling response. That the R 
of the pair tends to become associated 
with this mediating s rather than to 
the S itself has been demonstrated 
by Bugelski and Scharlock (1952) for 
experimentally established mediators 
and by Russell and Storms (1955) 
for those provided by language habits. 
That the mediators tend to be the 
discriminating labels attached to the 
Ss is demonstrated by McAllister’s 
(1953) finding that stimulus pre- 
differentiation results in positive trans- 
fer to the extent that the differentiat- 
ing labels (r) are “relevant” to the 
new Rs to be learned for the Ss. 

The third link in the habit chain 
which we postulate involves the possi- 
bility that the response member of 
the pair, R, may itself be a chain of 
habits that have to be learned. The 
importance of this “response learning” 
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has been reviewed by Mandler (1954) 
and most recently demonstrated by 
the response-meaningfulness (m’) stud- 
ies (Hunt, 1959; Nobel & McNeely, 
1957) and the  response-similarity 
studies (Feldman & Underwood, 1957 ; 
Underwood, Runquist, & Schulz, 1959) 
which deal with two somewhat dif- 
ferent aspects of R learning—within-R 
synthesis, and between-R discrimina- 
tion. 

In summary, learning each pair ina 
paired-associate task involves, not a 
single S-R connection, but rather 
three component habits. The first 
involves S and r; the second, s and R; 
and the third (which may be a 
chain of habits) the R elements, 
Ra Rpt Ra Hence, learning a 
pair may involve the following habits: 


SrsR,~s, 9 Rips, + +: R, 


We are ignoring here the remote asso- 
ciations that probably get formed 
and which may account for some slight 
discrepancies from the predictions 
reported below. 

The materials used in the present 
study were designed to enable us to 
identify in each erroneous instance 
(that is, a failure by the S on any 
trial to respond to a given S with the 
correct R) which of the links in the 
chain failed in that instance. By 
such an analysis of the errors we can 
determine the practice functions, not 
only of the usual H, (the proportion 
of pairs correctly anticipated on a 
given trial), but also of H, (the pro- 
portion of correct S discriminations, 
ie., S-r habits, on a given trial), of H 
(the Proportion of correct associations, 
ie., s-R, habits), and of H; (the pro- 
portion of Rs correctly synthesized, 
ie., Res, -—>Rn habits). 

Besides indicating processes in- 
volved and sources of difficulty in 
paired-associate learning, these sepa- 
rate indices enable us to compute 
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independently the curves for stimulus 
generalization and for intrusion errors, 
the confusion between which has 
given rise to that hardy perennial 
among verbal learning controversies, 
the temporal trend of stimulus gener- 
alization during practice, which has 
recently blossomed again among Mur- 
dock (1958, 1959), Battig (1959), 
Gibson (1959), and Runquist (1959). 


METHOD 


Materials and experimental variations: — 
The Ss and Rs in this study were designed to 
allow independent manipulation of the 
difficulty of each of the three sets of habits, 
Hı, Ha, and Ha. 

Each S learned, by the anticipation method, 
a list of nine paired associates. The Ss of 
these pairs were nine, solid black circles of 
varying diameters. Two different sets of 
circles were used for different groups of Ss. 
In Set I the diameters ranged from .37 to 
1.49 cm. in .14-cm. steps; in Set II, from 
:37 to .93 in .07-cm, steps. The difficulty of 
learning the S-discrimination habits (H;) was 
defined as being greater for Set II than for 
Set I. 

The Rs were numbers, For some Ss these 
Rs were the numbers from 1 to 9. For other 
Ss the Rs were 3-digit numbers, each begin- 
ning with a different integer between 1 and 9, 
and with the second and third digits assigned 
by a random procedure. The difficulty of 
learning the R-chaining habits (H;) was 
defined as being greater for the 3- than the 
I-digit Rs. In fact, for the 1-digit numbers, 
H; was defined as having a value of 1,00 
from the outset of the experiment; that is, 
it was assumed that § would always perform 
Perfectly at this segment of the task. 

_ The difficulty of learning the s-Rẹ associa- 
tion habits (Ha) was manipulated by the 
manner of assigning Rs toSs. An advantage 
of using sets of Ss that differ along a single 
linear dimension, size in this case, is that it 
permits hypothesizing what the discriminat- 
ing labeling rs will be. With the nine dif- 
ferent-sized but otherwise similar Ss used here 
and with the instructions to S described below, 
it was assumed that S would use a numerical- 
type labeling response; for example, he would 
tend to label the smallest circles as ‘one’ 
the next larger as “two,” etc., up to the largest 
which he would label as “nine.” For some 
Ss the Rs were assigned consecutively so that 
the successively larger numbers were assigned 
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TABLE 1 


DESCRIPTION OF DIFFICULTY LEVELS OF COMPONENT HABITS IN THE SIX CONDITIONS, 
WITH FORMULAS FOR PROPORTIONS OF CORRECT ANTICIPATIONS (He) AND OF ‘ 
INTRUSION Errors (IE) 


Task 

Cond. He IE» 

f Hı H: H; 
HHH; easy easy easy H 1- 
H,'HeHy hard easy easy Hy’ I= Hy 
HHH’ easy easy hard Hi-Hy H;'(1 — Hı) 
Hy'HeHy’ hard easy hard Hy’-H;' H,/(1 — Hy’) 
HHH; hard hard easy H- Hy 1 — HH 
H,'H.’H;’ hard hard hard Hr -H-H H; (1 — H:'-H?') 


a These He and IE formulas are based on the general equations He = Wi-H2-Hs and IE = Hi(1 — Hi-Fi) 


and the assumptions that the values of Hs and Ha, without primes, equal 1.00 from the beginning of practice. 


to progressively larger circles. For other 
groups, Rs were assigned at random to Ss 
so that no simple system related size of num- 
bers and size of circles. The difficulty of 
learning the association habits (H2) was, of 
course, defined as being greater with the 
latter, random method of assignment. In 
fact, in the conditions with consecutive as- 
signment of the numerical responses, Hz was 
defined as equaling 1.00 from the outset of 
practice; that is, it was assumed that S always 
performed this segment of the task perfectly. 

Experimental design —An incomplete 2° 
factorial design (minus one quadrant) was 
employed, The three variables were difficulty 
of learning the Hi, Ha, and Hy sets of habits, 
there being an easy and difficulty level of 
each as defined above. Table 1 shows the 
levels of each of these factors in the six 
conditions used, with primes (eg, Hy’) 
indicating the difficult condition and no 
primes (e.g., Hı) indicating the easy condi- 
tion on the given link. Ten Ss served in each 
of the six conditions, and each S served in only 
one condition. 

Apparatus —A Hull memory drum with 
1-in.-square windows was used. The Ss were 
presented in the left window, and the Rs in 
the right window. The anticipatory method 
was employed, S appearing alone for 2 sec. 
and then S and R appearing together for 2 sec. 
after which both windows closed again. 
Almost immediately, the left window re- 
opened, showing the next S on the list. The S 
was required to anticipate the R within the 
first 2-sec. period. The pairs came in a 
different order on each trial. 

Instructions to S.—The Ss were given the 
usual instructions for a paired-associate task 
regarding how the materials would be pre- 
sented and what they were to try to do. In 


addition, they were told that all Ss were solid 
black circles, differing only in size, and that 
there were nine different pairs in all. Further, 
those in H; groups were told that the Rs 
would be the 1-digit numbers from 1 to 9, 
while those in Hy’ groups were told that the 
Rs would be nine 3-digit numbers, each 
beginning with a different integer from 1 to 9. 
Subjects in Hs conditions were given the 
additional information that progressively 
higher numbers were assigned to successively 
larger circles, while those in Hy! conditions 
were told that the magnitudes of the Rs of the 
pairs were randomly related to the sizes of the 
circles. All Ss were instructed to try to give 
some response to each S after the completion 
of the first trial. Those in Hy (3-digit R) 
conditions were further directed to respond 
with at least the first digit even if they could 
not give the other two. As a further measure 
to keep omissions at a minimum, all Ss were 
told that when they were not sure of a correct 
R they should guess. 

Length of the learning session.—The experi- 
mental session for each S consisted of 80 
continuous trials without any intertrial pause 
(48 min.). Only 1 S asked to be relieved 
before completing 80 trials; he was replaced 
by the next S in the pool. 

Subjects. —The 60 Ss were selected on the 
basis of availability from a pool of several 
hundred college students in an introductory 
psychology course and assigned to one of the 
six conditions in accordance with a random 
order. The writer served as E for all Ss. 


RESULTS AND Discussion 


Correct anticipations (H,): Group 
means.—The manipulation of the dif- 
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ficulty of each of the three postulated 
sets of habit links (Hı, Hə, and H3) 
did produce the predicted difference 
in the mean proportion of correct 
anticipations per trial (H.) over the 
80 trials.’ 

The difficulty of forming the first 
set of habit links (S-r), involving 
S discrimination, was manipulated by 
using .14-cm. steps between the Ss in 
some conditions (Hi—) and .07-cm. 
steps in other conditions (H;,’—). 
Insofar as this set of habits is involved 
in learning the paired associates, per- 
formance (He) in Cond. HHH; 
should have been superior to that in 
Cond. H'H:H; since the only differ- 
ence between the two tasks was that 
the S discrimination was more dif- 
ficult in the latter conditions. For 
like reasons, performance on Cond. 
HHH,’ should have been superior to 
that in Cond. Hy/HsH;'. Both of 
these predictions are confirmed by the 
results. The mean H, value for the 
10 Ss over all 79 anticipatory trials 
is significantly higher (see Table 2) 
in Cond, HiH2H; than in H,'H.H,; 
(P <.001) and in Cond. H,H.H,/ 
than in HYHH; (P = .02). 

The difficulty of learning the habit 
chains of R elements was varied by 


*The He symbol has been deliberately 
selected in the present model for its resem- 
blance to the Hullian habit strength symbol, 
sHp, because the constructs are similar in that 
both are negatively accelerated increasing 
functions of the number of reinforced S-R 
pairings. However, the He differs quantita- 
tively from the Hullian sHp in three respects, 
First, the present H, is a direct one-to-one 
function of the probability of correct response, 
whereas sHp is an intervening construct that 
18 an exponential function of this probability, 
Secondly, sHp is the strength of a single S-R 
habit, while H, is the mean strength of a set 
of as many habits as there are pairs. Thirdly, 
the present He need not be zero when N = 0 
since, unlike Hull (1943, 1952), we allow 
the a and ¢ parameters in the equation 
He = ¢ — ae™ to assume different values 
(Lewis, 1960). 
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TABLE 2 


PROPORTION OF CORRECT ANTICIPATION PER 
TRIAL (He) IN EACH OF THE 
Sıx CONDITIONS 


Cond. Mean SD 
HHH; 793 -048 
H,/H:2H; 635 057 
HHH; 618 090 
H,’H.H,’ AOL 116 
HHH; 462 105 
H,'H:'H;’ 340 098 


Note.—Each mean is based on 10 Ss over 80 trials, 
9 pairs per trial. 


using 1-digit Rs in some conditions 
(—Hs;) and 3-digit Rs in others 
(—H;’). Hence, higher He scores 
are predicted in Cond. HıH:H; than 
in HiH2H,;’; in Cond. H,’H:H; than 
in Hy/HeH,’; and in H,/H»'H, than 
in Hy’H.’H;’. All the obtained He 
differences (see Table 1) are in the 
predicted direction and the three 
differences are significant at the .001, 
-001, and .01 levels, respectively. 

The difficulty of forming the third 
set of habit links, the s-R, or ‘‘asso- 
ciation” habits, was manipulated by 
assigning Rs to Ss consecutively in 
some conditions (—H,—) and ran- 
domly in others (—H./—). Hence, 
the H, scores should be higher in 
Cond. Hy’H3H; than H,’H.’H; and in 
Cond. Hy/H-H;' than Hy’Hy'H;’. Both 
mean differences are in the predicted 
direction (see Table 2) and are 
significant at the .001 and .01 levels, 
respectively. 

So far only the directions of the 
differences in H, scores between the 
conditions have been considered, but 
the relative sizes of these differences 
are also of interest. In Table 1 the 
equations of H, in each of the six 
conditions are given. Solving for Ha’ 
in each of the equations where it 
appears, it is found that in Cond. 
HLHH, Hy! = H, + Hy; in Cond. 
HYHH; Ha! = H, + Hy’; and in 
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Cond. Hy/H2'Hy', Hs’ =He+ (Ai’: He’), 
the value of H, in each case being that 
for the given condition. But the 
divisors of the right hand members 
of each of these three equations can 
be seen in Table 1 to be the H. 
values of, respectively, Cond. HiH2Hs, 
Hy/H2H;, and Hy/H2/H3. Since each 
of the three fractions is equal to the 
same thing, H,’, then the following 
equation can be derived: 


He of Cond. HıH:H;' 
H. of Cond. HiH2Hs 

H. of Cond. HHH; 
~ H. of Cond. Hi’H2’Hs 


H; = 


Substituting the obtained mean He 
values (shown in Table 2) in this 
equation, the values of these three 
fractions are found to be .779, .773, 
and .736, respectively. 

5 We would expect these three quo- 
tients to be equal to the extent that 
the learning of any one of the three 
postulated sets of habits proceeded 
independently of the difficulty of the 
other two sets of habits being ac- 
quired simultaneously. The closeness 
of the three obtained quotients sug- 
gests that there is considerable inde- 
pendence. The closeness of the .779 
and .773 values, particularly, suggests 
that the difficulty of learning the 
response chains is only negligibly 
affected by the difficulty of the S 
discriminations being learned con- 
currently. The third value, .736, is 
slightly (about 5%) lower than the 
other two. While the first two values 
give a derived measure of Hy’ in 
Consecutive S-R assignment condi- 
tions, this third gives an Hs’ value ina 
condition where the numerical values 
of Rs are randomly related to the 
size of Ss to which they are assigned. 
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Hence, the learning of the response 
chain may be (very slightly) impeded 
by the difficulty of the s-R association 
habits being learned concurrently. 
This interaction might be expected 
in view of the similarity of the s-R 
habits and the Ra>Sa>' Rn habits 
in the present study (both involve 
linking numbers) and of the usual 
finding that difficulty of learning 
is a positively accelerated function of 
amount of material (Hovland, 1940). 

These derived estimates of Hs’ in 
Cond. H,HeH,’ and Cond. Hy/HeH,! 
can be checked by an independent 
method of computing H; which 
requires us to anticipate the classifica- 
tion of errors discussed below. Briefly, 
the sum of Categories A and C in 
Table 3 should yield a running meas- 
ure of Hy’, the number of R chains 
correctly learned. ‘The mean H; for 
Cond. Hy’H2H,’ computed in this way 
is .778 (as compared to the .773 mean 
yielded by the quotient method just 
discussed). The mean for Cond. 
HHH; is .800 (as compared with 
the .779 mean yielded by the quotient 
method). The slight discrepancy in 
each condition, between the summa- 
tion and the quotient method of de- 
riving Hy’, falls far short of conven- 
tional significance levels. 

The H. learning curves. —We can 
obtain a more analytic understanding 
of the effect of manipulating Hi, Ha 
and Hs on proportion of correct anti- 
cipation (H.) if the group trends 
during practice in each of the six 
conditions are considered. To calcu- 
late these practice functions, the 
group mean H, values in each condi- 
tion over the 80 trials were used to 
determine 13 practice points, as fol- 
lows. Trial 1 was omitted in the 
determination of the fitted curves, 
since this trial constituted an initial 
presentation to allow S to see each 
pair at least once before being required 
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to anticipate. The first point (point 
2") is based on scores on Trials 2 
and 3, the next point (point “5”) 
is based on Trials 4, 5, and 6; the 
next (point “8”) on Trials 7, 8, 9, 
and 10; and each of the next 10 points 
(called 14, 21, 28, 35, 42, 49, 56, 63, 
70, and 77, respectively) on succes- 
sive blocks of seven trials. For 
example, point 77 is based on the 
means of Trials 74 through 80. More 
points were calculated in the case of 
the earlier trials in order to determine 
more accurately the shape of the 
function near the beginning of prac- 
tice, when improvement was most 
rapid. The scores at each practice 
point for each of the six groups are 
plotted in Fig. 1, which also shows 
the fitted function for each condition. 

All of the functions shown in Fig, 1 
are of the inverse exponential family; 
Hy = c-ae™N, where H, is the propor- 
tion of the nine possible anticipations 
given correctly on any trial, c-a is the 
proportion of correct anticipations at 
the outset of practice, ¢ is the asymp- 
tote, and b, the growth parameter. 
Exponential functions were used be- 
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cause they described the data more 
accurately than any straight line 
in each of the six conditions by an 
amount that was significant at the 
05 level in all cases except Cond. 
Hy’HeH3. In Cond. H:H:H;, and 
Hy'H2H; we also fitted hyperbolic 
and Gompertz functions to the data, 
but these functions were found to 
describe the data somewhat less: 
adequately than the exponential. 
Cond. H,HsH;' was the only one of 
the six in which the data deviated 
from the fitted exponential function 
by an amount that approached the 
.05 level. The test for goodness of 
the fit was based on Lindquist's Case 8 
(1947) with df = 10 (i.e., 13 — 3, the 
number of trial blocks minus the 
number of parameters calculated for 
each function), 

Some criticism has been published 
by Sidman (1952) and Bakan (1954) 
regarding the practice of inferring 
the shape of the individual functions 
from that of the group functions, 
especially in the case of exponential 
functions. The criticism has no bear- 
ing on the results reported in the 


(HQ Hy) 


Equation 


He = .791- .692 € 


-0.0448 N 
He = .657- .650 07™ í 
-0.0309 N 


-0.0461 N 


He = .488- .501 @ 
258 14 21 28 35 42 49 se 63 70 M 
B. BLOCKS OF TRIALS (N) 

(Figure la 

r three-digit response conditions.) 


MULTIPROCESS MODEL FOR PAIRED-ASSOCIATE LEARNING 341 


present experiment since no inference 
is made regarding the exact shape of 
the individual curves. The objection 
is relevant at all, only when there is 
an appreciable variance among the 
growth parameters (b) of the indi- 
vidual curves, and when the b-N 
products are large. The second 
condition does obtain in the present 
study, but whether there is a signifi- 
cant variance among the individual 
b values has not been computed (be- 
cause of labor involved in fitting 
exponential curves to the data of each 
of the 60 individuals). In the absence 
of more information on the b param- 
eters, caution should be exercised in 
inferring the shapes of the individual 
S curves in the present study. 


Effect of the experimental variables on 
the different parameters of the He learning 
curves.—Several conclusions can be drawn 
from the functions obtained in the present 
study. Each of the three hypothesized 
sets of habits is found to play a consistent 
part in determining both the initial level 
of performance (the H,-intercept, equal 
to c-a) and the asymptote (c) of the 
functions. This conclusion follows from 
the obtained effect of increasing the 
difficulty of either the Hi, Ha, or Hs 
task, which is found in all cases to lower 
both of these parameters. There are 
seven nonredundant pairs of conditions 
between which such a comparison is 
possible, and for both the ¢ and the c-a 
parameters, the above stated effect was 
obtained in all seven comparisons. 

The growth parameter (b) of He ap- 
pears to be related to the difficulty of the 
component sets of habits, Hy Hs, and 
Hs, in a more complex way. In the first 
place, it seems that where the source 
of greater difficulty derives from the 
greater similarity between the Ss, 50 
that there are more generalization errors, 
then the rate of learning of the paired- 
Associate task is slower as the difficulty 
increases (compare b parameters in Cond. 
HHH and HyH:Hs and in Cond. 
HHH,’ and H,/HyHy’). As regards the 


effect on the growth parameter of increas- 
ing the difficulty of the R-chains (Ha) 
or of the s-R associations (H+), the b 
parameters shown in Fig. 1 suggest that 
increasing the difficulty of one or both 
of these increases the rate of learning 
(compare Cond. HıH:H; with HiHsHy’; 
and Cond. Hy/H2Hs with H,/H2Hy’, with 
HHH, and with H,’H2’H,’), but that 
increasing the difficulty of just one (Ms 
or Hs) increases the learning rate more 
than does increasing the difficulty of 
both Hyand Hs (compare Cond. H,’HsH Fa 
with HHH’; and Cond. H7H7Hs 
with H,/H,'Hy’). These interpretations 
are post factum, however, and call for 
further investigation. 

Practice curves of stimulus discrimina- 
tion and of intrusion errors—An intru- 
sion error is defined as the giving of an 
R that is in the list but giving it to an 
S other than the one with which it is 
actually paired in the list as presented, 
Hence, the probability of an intrusion 
(IE) is directly proportional to the 
learning of the R chains (Hs) and 
inversely proportional to the learning 
of the S discrimination (S-r) habits (H;) 
and of the association (s-R,) habits 


(Ha); that is: 
IE = H(t — Hi: Ha) 


An S-generalization error, on the other 
hand, was defined as giving the wrong r 
to an Sand measured by 1 — Ha, a value 
that will tend to differ from IE when 
either Ha Hs, or both are less than 1.00. 
The practice of defining stimulus gen- 
eralization during paired-associate learn- 
ing has, as was pointed out above, led 
to considerable controversy. An E may 
be allowed a certain liberty in defining 
his terms, as long as he does $0 clearly. 
However, this definition that S discrimi- 
nation has occurred only when S dis- 
criminates the Ss with the Rs that E 
has arbitrarily assigned becomes mis- 
leading, particularly as regards the 
practice curve of the generalization 
function and particularly when the Rs 
themselves or their relations to the Ss 
must be learned (that is, when Ha or He 
increases with practice). Eleanor Gib- 
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son (1940, 1942), whose provocative re- 
search using the IE definition of S 
generalization has given rise to this con- 
troversy, has herself pointed out (Gibson, 
1959; Gibson & Gibson, 1955) the in- 
adequacy of this definition. 

The materials used in this study were 
designed to allow the responses given by 
Ss in each instance to be classified into 
separate categories in terms of which 
the practice curves of Hy, Ha, and Hs, 
as well as of He could be calculated. 
In this way, we could test the above 
formulations. Each of S's 711 responses 
(9 pairs X 79 trials) was put in one of 
the following five categories: 


A. A first digit appropriate to the given S 
(indicating a correct discrimination) 
and the second and third digits appro- 
priate to the first (indicating a correct 
R). The proportion of responses in 
this category equals, by definition, He, 
the usual measure of a correct response 
in paired-associate learning. 

B. A first digit appropriate to the given S 
(indicating a correct discrimination) 
and second or third digits not appro- 
ae to the first (indicating a wrong 

C, A first digit not appropriate to the 
given S (indicating a wrong discrimina- 
tion or a wrong s-R association or both) 
and second and third digits appropriate 
to the first (indicating a correct R). 
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The proportion of responses that fi 
in this category equals, by definition, 
IE. 

D.A first digit not appropriate to the 
given S (indicating a wrong S discrimi- 
nation or a wrong s-R association or 
both) and second or third digit not 
appropriate to the first (indicating a 
wrong R). 


E. An omission, no response given. 
i 


The proportions of responses falling — 
into each of these five categories for 
Cond. HiH:H;' and H'H:H;' during 
successive practice intervals are shown 
in Fig. 2 and Table 3. Only for those 
two conditions are all categories used 
unambiguously. In Cond. HiHaHy 
Hy'HaH;, and Hy’H,’Hs where initial 
H; = 1.00, i.e., the Rs are one digit 
numbers, no Category B or D responses 
would occur. In Cond. H/'H:'Hs and 
H,'H.'H;’ (where Rs are randomly a$- 
signed to Ss), a wrong first digit indicates 
that either the S discrimination, or the 
s-R association, or both, are wrong: 
Hence, in these two conditions the inter- 
pretation of Category C and D responses 
is ambiguous, and separate measures of 
Hy’ and Hy’ are not possible. 

Representing the proportion of reri 
sponses that fall into these categories 
by the letters A, B, C, D, and E, respec 
tively, then in all six conditions, the prog 
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Fic. 2, Practice trends of the mean i i ies 
] $ proportion of responses in each of the five categories 
discussed in text) for Cond. HıH:H; (Fig. 2a) and Cond. HHH,’ (Fig. D) 
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TABLE 3 


PROPORTION OF THE OBTAINED RESPC 
CATEGORIES 


es THAT FELL IN THE FIVE RESPONSE 


N EacH CONDITION 


Conditions 
Category 
H:H:H: | Hi'HoHa | Hie! Hy'HsHy’ | Hi'H:'Ha | HVHH: 
A. Correct Response .193 635 618 .491 462 340 
B. Correct S-r and s-R but = oS 094 079 -= .020 
inadequate R chain 
C. Incorrect S-r or s-R, but 207 365 182 287 436 330 
adequate R chain (=IE) 
D. Incorrect S-r, and — — .083 118 — 118 
inadequate R chain 
E. Omission .000 .000 023 025 .002 192 
Total 1.000 1.000 1.000 1.000 1.000 1.000 


Note.—Each mean is based on 10 Ss over 80 tri 


als. 
^ Category B and D responses cannot occur in the three 1-digit R conditions. 


portion of correctly learned R chains, Hs, 
equals A and C and the proportion of 
pairs that have been mastered to the 
extent of both correct S-r discrimi- 
nations and s-R associations, Hi-H:, 
equals A and B. Since, as discussed 
above, the proportion of intrusion errors, 
IE = H;(1 — H:Hı), we find by substitu- 
tion that IE = (A+ C) ~ A- B)-* 


‘These equations apply in conditions 
where there are no omissions or where it is 
assumed that such omissions as do occur 
represent responses which, had they occurred, 
would all have been Category D responses, 
that is, completely wrong. In the present 
study a different assumption has been made, 
namely, that omissions represent responses 
that, had they been made, would have 
divided among the other error categories 
(B, C, and D) in the same proportion as the 
erroneous responses that were made. Hence, 
the B and C values used in the subsequent 
discussion are “corrected” values (represented 
by the symbols B’ and C’), equal to the 
obtained B and C values, plus a proportional 
amount of the E values, yielding the “cor- 
rected” equations of Hi-H: = A +B’ and 
IE = (A +C)(1—A— B’). There are 
still other assumptions regarding omissions 
that might have been made. This discussion 
of omissions is important mainly in connection 
with Cond. HHH’, since the number of 
omissions was negligible in Cond. HıH:H: 
and Hy'H.H; and occurred in appreciable 
numbers in the other three conditions, only 
during the first few trial intervals. 


With these preliminaries understood 
it is possible to test the hypotheses con- 
cerning stimulus discrimination and in- 
trusion errors as a function of practice. 
In Cond. HiH2H; and HHH; (the two 
conditions with consecutively-assigned 
one-digit Rs) the test is a direct one since 
initial H: and Hs=1.00 and there are 
not omissions. Hence, H,= Hi: Ha: Ha 
becomes He = Hi, ie., in these two 
conditions the overall performance score 
on the paired associates (Ho) is identical 
with that of stimulus discrimination” 
(Hı). In both of these conditions there 
is a clear tendency for Hı to increase 
monotonically throughout practice. The 
trends in both conditions are well fitted 
by rising, negatively accelerated, ex- 
ponential functions (see Fig. 3). These 
results tend to confirm the hypothesis 
that discrimination increases monoton- 
ically during practice with a set of paired 
associates and to infirm the opposing 
hypothesis that this function first rises, 
then falls. 

Since initial Ha and Hs = 1.00 and 
no omissions occur in these two condi- 
tions (HiH2Hs and Hy'H»Hs), the equa- 
tion, IE = Ha(1.00 —Hi-H:), simpli- 
fies to IE = 1.00 — Hı, or its equivalent, 
IE = 1.00 — He This congruency be- 
tween the stimulus generalization curve 
and the intrusion error curve is a special 
case that occurs, as described by the 
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TABLE 4 
Proportion or Correct S DISCRIMINATIONS 
PER TRIAL (H1) IN THE FIRST 
Four CONDITIONS 
Cond. Mean SD 
H,H2H; 793 -048 
HHH; 635 -057 
HiHeHy 712 101 
Hy HH; .570 123 


Note.—Each mean is based on 10 Ss over 80 trials, 
pairs al. 


per trial. 


model, when initial He and H; = 1.00 
and there are no omissions. When the 
IE curve does coincide with that of 
stimulus generalization, it, as well as 
the latter, falls throughout practice. 

In the two conditions with consecu- 
tively assigned 3-digit Rs, H,H:H,' and 
Hy'H.Hy’, the equation HiH2 = A+B’ 
reduces to Hı = A+ B’ on the assump- 
tion that H: = 1.00 in the consecutive 
assignment conditions. (This assump- 
tion may be somewhat extreme, in which 
case the values of Hı shown in Table 4 
and Fig. 3 would slightly underestimate 
the true values.) Figure 3 shows the 
practice curves for S discrimination in 
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TABLE 5 


PROPORTION OF INTRUSION Errors (IE) PER 
Triak IN Eacu CONDITION 


Cond, Predicted | Obtained | Obes 
H,H2H; 207 | .207 | .048 
Hy/HsHs 3658 | .365 ‘057 
HHH; “199 "182 058 
Hiy'HeHy 305 287 “114 
HYHH 436" | 436 “109 
H,'H.’Hy’ 348 330 092 


Note.—Each obtained score is based on 10 Ss over 
80 trials, 9 pairs per trial. Predicted scores were derived 
from the equation: IE = (A + C? (l — er, 

*In the three L-digit R conditions, the “predicted” 
means necessarily coincide with the obtained means. 


these two conditions, which can be seen 
to follow the predicted monotonically 
rising trend, well fitted by negatively- 
accelerated exponential functions, rather 
than the sometimes reported rising, then 
falling curve. 

The intrusion error values (Table 5) 
are given by the formula IE = (A + C’) 
(i— A— B’). These predicted prac- 
tice functions for IE in Cond. Hi Hay’ 
and Hy'H.Hy’ are shown in Fig. 4, where 
the obtained values (that is, number of 
category C responses) are also shown, 


Fs (HH) 
: j 
a 
; a 
8 Equation 
aas 5 
HHH, e Cae 
z HHH, Hy = .830 - .264 od 
: Y (HH, Hy = .787 - .283 eos 
S HHH, Hy = 679 = .274 oO 29° x 
= 
ae ae 14 2 28 42 49 56 63 70 zi 
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. 3. Mean proportion of correct S discriminations (H1) on each block of trials for the four 


conditions in which this information was available. 
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Fic. 4. Practice trends for mean proportion of intrusion errors (IE) per trial block in the 
four conditions in which Category B or E responses occurred. (Lines indicate predicted 

trends; symbols, the obtained values in the given condition.) 
It can be seen that in each condition and Rs, the response categorization 
resent materials 

. 


there is good agreement between pre- possible with the p 
values of Hs and of 


dicted and obtained scores, with respect yields separate 

to practice trend and maximum point, Hı- Ha, but not of Hı and H2 separately, 

as well as to height. There is a slight as discussed above. Hence, it is not 

tendency in both conditions for the ssible to test the hypotheses regarding 

predicted values of IE to overestimate S discrimination with the results from 
these conditions. The hypotheses re- 


the obtained values but these discrepan- ; 
40.61 garding IE, however, can be tested since 


cies yield F values of only 1.14 an 
for this a composite value for Hy He 


in the two conditions (using the Ss 
X Trials interaction as the error term), suffices. 
and therefore such discrepancies as these Since in Cond. HyH:'H,, initial 
are can be attributed to chance. These H:s=1.00, the predicted IE= 1.00- A— E. 
IE curves in both conditions show an a 
initial rise, followed by a leveling off and sarily coincide with the obtained values 
a slow decline, while the stimulus gen- since there are no category B or D re- 
eralization trend has just been seen to in this condition. , The practice 
follow a falling course throughout prac- i 
tice. This disagreement demonstrates 
that, while the shape of the IE function 
does coincide with that previously re- LB, 
ported (Gagné, 1950; Gibson, 1942; for stimulus generalization: first, be- 
Underwood & Goad, 1951) for S gen- cause it is influenced also by omissions 
eralization, it does not coincide wi (which account for the brief initial 
S generalization more logically defined. rise); and secondly, because aside from 
which become infrequent 


i For the final two conditions, HHH, the omissions econ 
and HYHyHy', with randomly paired Ss after the first few trial intervals, the 


TE so calculated neces- 


a brief initial rise followed 


errors do not furnish a valid measure 
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IE = 1.00 — H,-He while stimulus gen- 
eralization = 1.00 — H;. Hence, since 
in this condition initial Hs is less than 
1.00, IE overestimates the amount of 
stimulus generalization. 

In Cond. H,’H.’H;’, the “corrected” 
equation is again used to determine the 
predicted IE scores. These calculated 
scores are shown, together with the 
obtained scores, in Fig. 4. Here again 
is seen the initial tendency to rise, 
followed by a leveling off and perhaps 
slight decline as practice continues. 
There is close agreement between the 
magnitudes and the trends of predicted 
and obtained scores (F = 0.70). In this 
condition the invalidity of using the 
IE score as a measure of stimulus 
generalization is more obvious still, since 
it is determined not only by Hı but by 
H», Hs, and the number of omissions as 
well. 

Hence, the present model has proved 
adequate to predict the IE curves over a 
wide range of conditions. It has also 
shown that stimulus generalization falls 
monotonically during paired-associate 
learning and that intrusion errors con- 
stitute a valid measure of S generaliza- 
tion only when initial H; = 1.00; other- 
wise, the IE curve tends to rise at first 
and then fall with continued practice. 


SUMMARY 


A stimulus-response analysis of paired- 
associate learning is described, postulating 
that the learning of each of the pairs involves 
the formation of three different connections: 
(a) between the stimulus member of the pair 
and a mediating, labeling response which 
discriminates it from the stimulus members 
of the other pairs; (b) between the stimulus 
produced by that labeling response and the 
response member of the pair; and (c) between 
the stimuli produced by each successive 
subelement of the response member and the 
following subelement. A quantitative model 
which relates the strength of these component 
habit connections to various aspects of per- 
formance on paired associates is described. 

Deductions from the model were tested by 
means of an experiment involving 10 Ss in 
each of six conditions. The antecedent vari- 
ables were the difficulties of forming each of 
the three component habits described above, 
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manipulated by using different stimulus 
members and response members in the pairs, 
and by assigning the responses to the stimuli 
in varying ways. With these materials it was 
possible to analyze the responses given by the 
Ss so as to obtain separate measures of the 
strength of the three component habits during 
learning. A typical paired-associate learning 
situation was employed, using a Hull memory 
apparatus and the anticipatory method of 
performance. 

It was found that the relations between 
the gross learning scores in the different 
conditions predicted from the model agreed 
closely with the obtained results in direction 
and magnitude. The obtained practice curves 
for intrusion errors agreed closely over a wide 
variety of conditions with thos predicted 
from the model which postulates that the 
number of intrusions is a function of the 
strengths of all three of the habits described 
above, and not just of that of the discrimina- 
tion habits as assumed in some studies. The 
intrusion error curves tended to first rise, 
then fall slightly with practice under most 
conditions. The practice curve for stimulus 
generalization during paired-associate learn- 
ing was found to have a monotonically falling 
slope rather than the first rising, then falling 
shape sometimes inferred. 
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Probably everyone has some hunches 
on how one taste quality affects 
another, on how sugar affects the 
taste of salt, on how acid affects the 
perception of bitterness, and the like, 
but many of these assertions are 
contradictory. Probably some of 
this disagreement is due to people’s 
confusing changes in intensity of the 
individual taste qualities with the 
more ambiguous tastes created by 
the addition of one unitary taste 
stimulus to another. Thus, it may 
be that a salt-and-sugar solution pro- 
duces relatively unclear taste sensa- 
tions even though the individual 
qualities, when observed with a more 
analytic set, have the same subjective 
intensities as they would have ina 
pure salt or pure sugar solution. 


No systematic investigation of taste inter- 
actions at suprathreshold stimulus intensities 
has ever been reported. Anderson (1950) 
has presented a critical review of the literature 
and the results of his own systematic study 
on interactions among stimuli at near-thresh- 
old concentrations. Fabian and Blum (1943) 
have summarized the early literature on taste 
interactions and reported their investigation 
of interactions between various sweet, salty, 
and sour substances; however, their emphasis 
was on the effect of a subthreshold concen- 
tration of one substance upon the perceived 
intensity of a suprathreshold concentration 
of another. They concluded that a sub- 
threshold concentration of salt (NaCl) in- 


1 This paper reports research undertaken 
at the Quartermaster Food and Container 
Institute for the Armed Forces, and has been 
assigned Number 1093 in the series of papers 
approved for publication. The views or 
conclusions contained in this report are those 
of the authors. They are not to be construed 
as necessarily reflecting the views or indorse- 
ment of the Department of Defense. 


creased the intensity of five different sugars 
and reduced the sourness of five organic acids 
and one inorganic, hydrochloric acid (HCI). 
Each subthreshold concentration of the five 
sugars, in turn, reduced saltiness of NaCl 
and the sourness of the six acids. All organic 
acids enhanced saltiness, although HCl ap- 
peared to have no effect; but the effect of 
acids upon sweetness seemed to be in part a 
function of the specific acids and the specific 
Sugars used. For example, the sweetness of 
fructose was reduced by lactic, tartaric, 
acetic, and malic acids; but HCI and citric 
acid had no effect. In contrast, citric, lactic, 
and tartaric acids enhanced the sweetness of 
sucrose, but HCI and acetic acid seemed to 
have no effect. 

More recently, Beebe-Center, Rogers, 
Atkinson, and O'Connell (1959) have reported 
on the interactions between suprathreshold 
concentrations of NaCl and sucrose. Their 
major conclusion was that some enhancement 
of sweetness by salt was evident in the case 
of weak solutions, but the principal effect 
was one of masking. 


For the purposes of the present 
study, we assumed the existence of 
four basic taste qualities—salt, sweet, 
sour, and bitter—and that the appro- 
priate stimulus for each is NaCl, 
Sucrose, citric acid, and caffeine, 
respectively. The interactions in- 
vestigated were those between every 
pair of qualities. In each such pair, 
a given stimulus was studied both 
as to its effect on another and how 
it was affected by the other. Thus, 
mixtures of sucrose and NaCl were 
examined from two points of view: 
the effect of sucrose (secondary stim- 
ulus) upon the perceived intensity 
of the saltiness of NaCl (primary 
stimulus) ; and conversely, the effect 
of NaCl (now the secondary stimu- 
lus) upon the perceived intensity of 
Sweetness of sucrose (now the pri- 
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TABLE 1 


PERCENTAGE CONCENTRATIONS OF SOLUTIONS USED IN STUDY OF INTERACTIONS 
or TASTE QUALITIES 


Taste Quality 


Primary Series 
(Rated for Intensity) 


Secondary Series 
(Added to Solutions) 


Salt (NaCl) _ 15 45 1.40 4.00 -00 13 Ad 1.50 
Bitter (caffeine) .031 -076 .195 .500 | .00 -025 -048 093, 
Sweet (sucrose) 50 1.70 5.80 20.0 -00 AS 1.90 8.00 
Sour (citric acid) 009 029 .089 .274 | .00 -007 .023 .073 


a Note.—Concentrations represent weight of stimulus per 100 ml. of solution. Concentrations of citric acid 
ave been corrected for the one molecule of water of crystallization. An exception occurred in the experiment 


on the effect of 
centrations w 


mary stimulus). In all, 12 sets of 
interactions are possible. 


METHOD 


Taste solutions—Two series of each stim- 
ulus were prepared, a primary (“effect on”) 
and a secondary (“effect of”). The concen- 
trations in the primary series were intended 
to cover the range of intensities from barely 
perceptible to almost extreme. The concen- 
trations in the secondary series were intended 
to result in perceived intensities from none to 
moderate, since it wasthought thatinteraction 
effects would be most easily demonstrated 
if the four concentrations of the secondary 
series were of generally lower intensity than 
the primary series. Selections of the specific 
concentrations within these ranges were based 
upon previous unpublished data. 

All concentrations are shown in Table 1 
and represent the number of grams of the 
Solute per 100 ml. of solution. The weights 
for citric acid have been corrected for the one 
molecule of water of crystallization per citric 
acid molecule. It will be noted that, apart 
from the 0% concentrations of the secondary 
stimulus, the concentrations in both series 
are approximately logarithmically spaced. 
The sucrose and citric acid were Merck 
Reagent, the NaCl was Merck C. P., and the 
Caffeine was Pfizer U. S. P. Charcoal-filtered 
distilled water was always used as the solvent. 

In each interaction experiment, the 16 
Solutions consisted of each concentration in 
a given primary series with each concentration 
in one of the three remaining secondary ones 
(Table 1). For example, in the experiment 
On the effect of citric acid upon the perceived 
Intensity of bitterness, the primary stimulus 
Series of caffeine (.031%, .076%, -195% 
500%) is used in combination with the 


ucrose on saltiness. The NaCl concentrations were .10, .35, 1.20, and 4.00; and the sucrose con- 
i , .45, 1.70, and 6,00. This interaction experiment was the first one conducted, and the con- 
centrations were slightly revised for the subsequent ones. 


secondary series`of citric acid (.00%, .007%, 
023%, .073%), as shown in Table 2. 

Experimental design.—Each interaction 
experiment was independently replicated, the 
interval between replications varying from 
1 wk. to16 mo. The basic experimental design 
is given in Table 2, where the experiment 
on the effects of citric acid upon bitterness 
is shown as an example. 

The levels of the primary stimulus, caffeine, 
and the secondary stimulus, citric acid, were 
taken from Table 1. The 16 solutions were 
divided into two sets. Half the judges (Os) 
in each replication evaluated the solutions 
marked “O” in Table 2, while the other half 
evaluated the solutions marked “X.”? 

Judges.—The Os were selected from a pool 
of approximately 700 civilian and military, 
male and female, employees who routinely 
participate in preference tests of foods though 


2 The design is a half-replicate in which 
the interaction of the “linear” component 
of the primary stimulus and the “cubic” 
component of the secondary is confounded 
with Judge-Group. Quotation marks are 
used to indicate that these components are 
not linear or cubic in the quantitative sense, 
but rather involve comparisons between pairs 
of levels. Thus, the “linear” (Component I) 
of caffeine, when used as the primary stimu- 
lus, means that the average perceived bitter- 
ness of the eight solutions in the first two 
caffeine levels is compared with the average 
of all eight solutions in the second two levels. 
Similarly, the “cubic” (Component TIT) of 
caffeine compares the average perceived 
intensity of the eight solutions in the first 
and third levels with the average of the eight 
solutions in the second and fourth. The 
quadratic (Component II) is a true quadratic 
and involves comparing the middle two 
levels against the lowest and highest ones. 
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TABLE 2 


EXPERIMENTAL DESIGN EXAMPLE: EFFECTS 
or Citric ACID UPON THE PERCEIVED 
INTENSITY OF BITTERNESS 


Levels of Caffeine 


Levels of Citric Acid| (Primary Stimulus) 


(Secondary 
Stimulus) R 6 a D 
-031% | .076% | .195% | .500% 
1-.00% X X O (0) 
I1-.007% 0 o X X 
T-.023% X X oO (0) 
IV-.073% (0) oO X X 


Note.—Solutions marked “X" were evaluated by 
half the Os, and the solutions marked “O" were evalu- 
ated by the other half. Thus, the interaction of the 
“linear” component of caffeine and the ‘cubic’ com- 
ponent of citric acid are confounded with Judge-Group. 


rarely in psychophysical investigations. In- 
dependent selections of 40 Os were made from 
the pool for each replication of each experi- 
ment. Departures from randomness occurred 
when some were absent or were otherwise 
not available on the days the tests were 
conducted. Because 960 persons were re- 
quired (12 interactions X 40 Os X 2 replica- 
tions) and because replacement into the pool 
followed selection, some Os Participated in 
more than one experiment or replication. 
Psychophysical method.—The single stim- 
ulus method was used with a nine-interval 


extreme, 
sive integers from 1 (none) to 9 (extreme) and 
the ratings then treated quantitatively. The 
Os were instructed to rate the intensity of the 
quality represented 
ignoring other qualities that might be present. 
They were told not to swallow the samples, 

Fresh solutions 
replication session. 


t -0Z, glasses 
through a turntable in a wall separating the 


booth from the serving area. After rating 
each sample, O rinsed his mouth ad lib. with 
charcoal-filtered distilled water. The time 
between the rating of one solution and the 
Presentation of the next was 30 sec. During 
the course of the experiments, the question 
arose as to whether these untrained and 
unscreened Os were aware of the characteris- 
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tics of a sour or bitter substance and the 
distinctions between them. It was decided 
that on the second replication of each inter- 
action experiment, O would receive a reference 
sample of the primary stimulus prior to 
rating the other eight and would be asked 


to note carefully its flavor without rating it. 
The reference sample was always a pure 
solution of the second highest concentration 
of the primary stimulus. In the analyses of 


Variance, session was a source of variation 
although it is a generic term that includes 
ordinary session variability per se, whether 
or not a reference sample was served, actual 
differences among judge groups, etc. 


RESULTS 


A separate analysis of variance was 
performed for each taste interaction. 
The total variation was partitioned 
among the following sources of varia- 
tion: each orthogonal component of 
the primary and of the secondary 
stimulus, the interaction of every 
component of the primary with every 
component of the secondary stimulus, 
session, interaction of session with 
each orthogonal component and with 
each primary-secondary interaction, 
judge, and the interaction of session 
and solution. Each source except 
the last, had 1 df. There were 76 df 
for Judge and 532 for Judge X Solu- 
tion. The .01 level was chosen as the 
criterion for significance.’ ' 

Except for those sources of variation 
which were confounded with Judge- 
Group, the error term was Judge- 
Solution interaction (within groups). 
Those Sources, for which variation 


* Four tables showing the mean ratings of 
each solution and one table showing the 
Sources of variation and their corresponding 
df's, mean squares, and levels of significance 
have been deposited with the American Docu- 
mentation Institute. Order Document No. 
6777 from ADI Auxiliary Publications Proj- 
ect, Photoduplication Service, Library „of 
Congress; Washington 25, D. C., remitting 
in advance $1.25 for microfilm or $1.25 for 
Photocopies. Make checks payable to: 
Chief Photoduplication service, Library of 
Congress, 
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among Judges (within groups) was the 
error term, were Session, the inter- 
action of Component I of the sec- 
ondary stimulus and Component III 
of the primary, and the three-factor 
interaction of Session X Secondary-I 
X Primary-I11. 

As would be expected, Component I 
of the primary stimulus was in each 
case significant, far beyond the .001 
level. In 21 of 24 cases, Components 
II and III were also highly significant. 
Inspection of the ratings’ shows 
that the major effects of increasing 
the primary stimulus concentrations 
were true linear, although significant 
departures did occur.* 

Each mean was based upon 40 
ratings, 20 in each of the two replica- 
tions. The mean ratings of each of 
the 16 solutions in each interaction 
experiment are plotted in Fig. 1. The 
results and conclusions will be dis- 
cussed separately for each interaction. 
The general error term, Judge-Solu- 
tion interaction, will be indicated in 
parentheses. 


Effects of Caffeine 


Upon saltiness —No significant effects 
of caffeine upon saltiness were found. 
Regardless of the level of caffeine, salti- 
ness was merely a function of the salt 
itself. There was only a slight suggestion 
that if the caffeine level were increased 
even further, saltiness might eventually 
be enhanced. (Error MS = 1.39.) 

Upon sweetness—No variables affected 
Sweetness other than the sucrose con- 
centrations themselves. However, Caffe- 
ine-I was almost significant; the ob- 
served F was 6.50, compared to an F 


‘If orthogonal polynomials are used on 
the mean ratings (Anderson & Bancroft, 
1952), it will be found that the true linear 
is greater than Component I, with a cor- 
Tesponding decrease in the mean square for 
the true cubic. This effect is due to the fact 
that although Component I is mostly linear, 
it does reflect some cubic; Component Ill, 
in turn, contains some linear. 
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of 6.64 required for significance at the .01 
level. Only a suggestion of masking 
by caffeine was present, the difference 
between the lower two and. higher two 
caffeine concentrations being only .26 
scale points. Higher levels of caffeine 
might demonstrate eventual masking 
of sweetness. (Error MS = 1.70.) 

Upon sourness—Components I and 
III of caffeine were each significant at 
the .001 level. Inspection of the mean 
intensity ratings reveals that the effect 
was one of enhancement, with no other 
significant sources of variation com- 
plicating the interpretation, (Error 
MS = 2,94.) 


Effects of NaCl 


Upon bitterness —No significant effects 
were found, other than those attributable 
to caffeine. The curves were somewhat 
jagged and suggested a Caffeine-I X Salt- 
III interaction. However, the interac- 
tion of these two components was con- 
founded with Judge-Group, and hence 
the variation among Os was used as the 
appropriate error term. (Both Judge- 
Solution and between-Judge MSs were 
unusually high, 3.68 and 9.63, respec- 
tively.) Despite the fact that the same 
types of curves emerged in the two 
replications and that there was a high 
mean square for the interaction, use of 
the large error term (between-Judge 
rather than Judge X Solution) worked 
against obtaining a significant F. In 
view of the magnitude of the mean 
square for this source of variation, a 
logical next step would be to replicate this 
entire experiment with a different set of 
confounding relationships, e.g., Primary- 
IIIX Secondary-II. (Error MS=3.68.) 

Upon sweetness—Salt Components I 
and II were significant at the .01 level. 
This is interpreted to mean that salt 
generally tends to mask sweetness, and 
there is some curvature in the effects. 
The interpretation is complicated by two 
interactions which were also significant 
at the .01 level: (a) The first is the 
Salt-I X Sucrose-I interaction. For the 
lower sucrose concentrations, the various 
levels of salt had relatively little effect. 
Instead, the reduction of sweetness 
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occurred primarily for solutions that 
were high in both salt and sucrose. (b) 
The second is the Salt-II X Sucrose-I 
interaction. Again, for the lower sucrose 
concentrations, the various levels of salt 
had relatively little differential effect on 
sweetness, The greatest effect was on 
the higher sucrose concentrations by the 
highest salt concentrations, with a lesser 
effect by the lower salt concentrations. 

In both of these interactions, the very 
highest salt concentration had its great- 
est sweetness-depressing effects at the 
higher sucrose concentrations. Thus, 
while the over-all effect of salt upon 
sweetness was one of masking, this did 
not occur or was not as pronounced 
for the lowest sucrose concentrations. 
In fact, for the very lowest sucrose, salt 
seemed to enhance sweetness. 

The results are consistent with the 
conclusion of Beebe-Center et al. (1959), 
that some enhancement of sweetness 
by salt does occur although the major 
effect was one of masking, and with the 
report by Fabian and Blum (1943) that 
near-threshold concentrations of salt 
enhance sweetness. 

Future research might well be devoted 
to more intensive study, at just above 
threshold salt concentrations, of sucrose 
concentrations between .5% and 6%, 
the region in which the shift from en- 
hancing to masking appears to occur. 
(Error MS = 2.24.) 

Upon sourness—The results of this 
experiment are more complex than those 
of the others. Apart from the citric 
acid itself, Component-II only of salt 
had an effect (P <.01); the highest 
and lowest (0%) salt concentrations 
had less effect than the middle ones. 
This result, however, should be viewed 
in the light of the significance of two 
interaction terms: Salt-I X Citric Acid- 
I (P < .001); Salt-I X Citric Acid-II 
(P< .01). The latter may have arisen 
because Component III has some linear 
effects. The highest levels of salt 
tended to enhance the sourness of the 
lower concentrations of citric acid, but 
reduced the sourness of the higher acid 
Concentrations. 

From these two significant sources of 
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variation, from the fact that they ap- 
peared in both sessions, from the absence 
of other significant effects (except be- 
tween-judge variation), and from inspec- 
tion of the mean ratings, we can infer 
that low level salt depressed sourness, 
but high levels enhanced it so that an 
over-all effect was not apparent. The 
higher the acid concentrations the later 
these two stages appear—in terms of 
increasing salt concentrations. Thus, 
.13% salt appeared to have reduced 
the sourness of the lowest two acid 
concentrations, but as the salt was 
increased to .44%, enhancement took 
place; .44% salt had a depressing effect 
on the highest two levels of acid, but 
1.50% salt seemed to increase sourness. 

No explanation of this nonmonotonic 
function isapparent. Quantitative chem- 
ical analyses of the solutions failed to 
reveal errors in making them up, nor 
did examination of the ratios of the 
normality of the salt to the normality 
of the acid suggest a chemical explana- 
tion. What is needed is an extended 
range of salt, a more detailed study of 
the points around the minimum sourness 
intensities produced by salt at each 
citric acid concentration, and use of 
other acids as sour stimuli. (Error 


MS = 2.74.) 


Effects of Sucrose 

Upon bitterness —Sucrose reduced the 
intensity of bitterness. Component I 
was significant at the .001 level, while 
Components II and III were significant 
at the .01 level. Although successively 
increasing sucrose concentrations con- 
sistently reduced bitterness, the highest 
concentration seemed to have a dis- 
proportionately large effect. 

Two solutions (.45% sucrose, 076% 
caffeine; 1.9% sucrose, 50% caffeine) 
appeared to deviate somewhat from 
the downward trend. The significance 
(P < .001) of the Primary-II X Sec- 
ondary-IIJ X Session interaction largely 
reflects this deviancy and the fact that 
it occurred for only one session. Hence, 
its bearing on the major conclusion is 
negligible. 
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The Caffeine-I X Session interaction 
was also significant (P < .001), and was 
due to the fact that Os in Session 1 did 
not use the upper categories of the rating 
scale as often as did Os in Session 2 ; thus, 
the range of their average ratings was 
lower. This phenomenon, commonly 
appearing during psychophysical tests, 
is not considered important. 

Except for the two deviant solutions 
on one session, the effects of sucrose 
were fairly clear-cut—sucrose reduced 
bitterness. (Error MS = 2.74.) 

Upon saltiness.—Sucrose had no gen- 
eral enhancing or masking effects on 
saltiness, a result in agreement with that 
teported by Beebe-Center et al. (1959). 
Also in agreement was the indication that 
the relationship might be somewhat com- 
plex. Thus, the interaction of Salt-III 
with Sucrose-III was significant (P<.01); 
and inspection of the mean ratings sug- 
gests that this may be attributable to the 
highest sucrose concentration (and to a 
lesser extent, the next-to-lowest sucrose 
concentration) rather sharply reducing 
the saltiness of the highest and next-to.. 
the-lowest salt concentrations. Why 
this effect did not occur for the second 
highest salt concentration is not readily 
apparent, 

The Salt-II X Sucrose-I interaction 
was also significant (P< -01), but this 
effect seemed to occur primarily for one 
session. Because the triple interaction 
involving Session was also significant 
(P< .001), not much importance is 
attributed to the significance of the 
simple interaction, 

Apart from the absence of over-all 
enhancing or masking effects, the results 
of this experiment are not as definitive 
as those of the others, Further research 
should be devoted not only in replicating 
this one, but should also extend the 
Sucrose concentrations to erhaps 15 or 
20%. (Error MS = 1.69) j i 


(1943) and those cited by them, The 
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sharpest drop in intensity occurred for 
the 6.00% sucrose concentration, If 
the range of sucrose concentrations were 
extended, the masking effects would 
probably be even more pronounced. 
(Error MS = 2.60.) 


Effects of Citric Acid 


Upon bitterness. —Citric cid very 
markedly enhanced bitterne S, as is 
demonstrated by the significance of all 
three components, I and III at the .001 
level, Component II at the .01 level, 
The steepest rise in bitterness was evi- 
dent between the highest and next 
highest citric acid concentrations. The 
Citric Acid-I X Caffeine-I interaction 
was also significant (P < -001). The 
acid had a proportionately greater effect 
upon the lower concentrations of caffeine 
than on the higher concentrations. This 
effect may be partly at least due to 
restriction of the rating scale at the 
highest caffeine concentrations. 

The Caffeine-I X Session interaction 
was also significant (P < .001). In 
Session 2, Os used a narrower range in 
evaluating the solutions. No special 
importance is attributed to this result. 

The conclusions from this experi- 
ment are probably so clear that further 
study would not be as fruitful as with 
several of the other interactions. (Error 
MS = 2.79.) 

Upon saltiness. —Saltiness was gen- 
erally enhanced by citric acid, as shown 
by the significance (P < .001) of the 
Citric Acid-I component. The enhance- 
ment has not been shown to be dependent 
upon the level of salt, The absolute 
increase was not very marked, being only 
-32 scale points between the lowest two 
and highest two Citric acid concentra- 
tions; but, the error term is the lowest 
of all interaction experiments. 

Salt-I X Session interaction was also 
Significant at the .001 level. The Os in 
Session 2 tended to restrict their range 
of ratings, this restriction being mani- 
fested more at the higher levels. As 
in the previous interaction, this finding 
is not of any special importance. li 

Extending the range of citric acid 


INTERACTIONS OF SUPRATHRESHOLD TASTE STIMULI 


concentrations might reveal a drop-off 
in enhancement, particularly for the 
lower salt concentrations, and perhaps 
an eventual masking for the higher salt 
concentrations. (Error MS = 1.47.) 
Upon sweetness—Citric acid generally 
increased sweetness (P <.01). This 
major conclusion is in agreement with 
that of Fabian and Blum (1943), who 
used only near-threshold concentrations 
| of citric acid. The only other significant 


(P < .01) source of variation, Primary-I 
X Session, means that in Session 1, Os 
rated the solutions containing the weak- 
est concentrations of sucrose higher than 
did Os in Session 2. Thus, the range of 
ratings was more restricted on Session 1 
than on Session 2. 

Extending the range of citric acid 
concentrations should aid in better de- 
fining the mathematical relationship 
between citric acid and perceived sweet- 
hess, particularly in determining whether 
the increase finally levels off and per- 
haps changes to a decrease. (Error 
MS = 1.98.) 


DISCUSSION 


In most experiments the results were 
clear-cut, and the functional relation- 
ships between the primary and secondary 
stimuli were either monotonic or non- 
existent. Where ambiguities or hints 
of a trend with different stimulus con- 
centrations appeared, recommendations 
for follow-up research were indicated. 
No secondary stimulus had a uniformly 
enhancing or depressing effect on the 
remaining three primaries; nor was any 
Primary uniformly enhanced or de- 
pressed by other secondaries. Also, 
what happened at near-threshold stim- 
ulus concentrations was not necessarily 
Predictive of suprathreshold phenomena. 

The general results from the “linear” 
Comparisons may be summarized as 
follows: (a) Caffeine does not appear 
to affect saltiness, nor does salt appear 
to affect bitterness. (b) Caffeine does 
not seem to increase or decrease sweet- 
ness, but sucrose depresses the perceived 
intensity of bitterness. (c) Caffeine 
and citric acid have a mutually enhanc- 
Ing effect upon the taste quality specific 
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to each. (d) Salt decreases sweetness, 
but sucrose does not appear to affect 
saltiness. (e) Salt seems to have no 
monotonic effect upon sourness, but 
citric acid increases saltiness. (f) Sucrose 
decreases sourness, but citric acid 
enhances sweetness. 

Conspicuously absent from this paper 
is reference to physiological correlates 
of taste perception. The assumption 
that four primary taste qualities exist 
does not imply that four types of recep- 
tors also exist. Pfaffmann (1958), in his 
study of electrical recording of nerve 
impulses from single taste nerve fibers 
of the rat, was unable to find complete 
specificity of receptor action. For ex- 
ample, NaCl and sugar activated the 
same sensory nerve fiber and its attached 
sense endings. The possible afferent 
discharge patterns, Pfaffmann concluded, 
may include not only an increase but a 
decrease in neural flow and that the 
primary taste qualities represent nodal 
points in the manifold of taste sensations 
rather than basic receptor types. 

The taste interactions reported here 
probably have a neurological basis, and 
the complexity of some of the results 
of the interaction experiments (e.g., 
NaCl-sucrose interactions) may reflect 
complex neural patterns such as those 
described by Pfaffmann. 

The design, method, and Os used 
here were not typical of those used in 
most psychophysical research. One in- 
trinsic disadvantage of the half-replicate 
design with specified confounding rela- 
tionships is that no O evaluates all solu- 
tions, so that the error terms for a few 
sources of variation are larger than in a 
full factorial design and so that irregulari- 
ties in curves can be attributed either to 
differences in the two groups or to “real” 
effects. Balanced against this weak 
point is the efficiency of the design and 
the single stimulus method (cf, match- 
ing method) in minimizing testing time 
of Os and in avoiding loss of motivation 
through testing of all solutions at one 
sitting. It was not feasible to have the 
same Os return to a second session to 
complete the ratings of the eight samples 
they did not test during the first. 
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Nevertheless, in view of suggestions of 
possible significance of the variable 
which was confounded with Judge- 
Group, a different confounding relation- 
ship might have proved to be more 
revealing. 

The relative difficulty in rating—the 
ambiguity of the sensations—is partially 
reflected in the magnitude of the error 
terms. Saltiness seemed to be the 
easiest to evaluate, insofar as Os tended 
to agree more with each other on this 
quality than on the others, Sweetness 
was next lowest, but bitterness and 
sourness had errors of the order of twice 
that of saltiness. A design similar to the 
one used here would be too laborious 
to employ for interactions among three 
or four stimuli, but the present data 
should prove useful in selecting the 
optimum concentrations for exploring 
the relationships among mixtures of 
more than two stimuli. 


SUMMARY 


affected by each of the other taste qualities. 
Solutions containing stimuli appropriate to 
both taste qualities were rated for intensity 
of sweetness, saltiness, sourness, or bitterness 
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by a group of judges. Each experiment was 
independently replicated. In most cases, 
the effects were those of simple enhancement 
or masking, or no effect at all was found. 
Certain exceptions and complex relationships 
occurred, and recommendations for follow-up 
research were made. Various aspects of the 
method and design were discussed. 
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In a recent experiment Taub and 
Myers (1961) studied the effects of 
differential gain in a two-choice situa- 
tion. The gain received by S de- 
pended on which of two events was 
correctly predicted (the less frequent 
event paid more); the cost of an 
incorrect prediction was the same, 
regardless of which event had been 
predicted. The Ss did not approxi- 
mate the optimal strategy’ of always 
predicting the event associated with 
the higher expected value (EV). 
That Ss could discriminate between 
EVs was indicated by two results: 
(a) the event with the higher EV 
was predicted more than 50% of the 
time in all combinations of conditions, 
and (b) the greater the difference in 
EVs (AEV) for two events, the 
greater was the difference in per- 
centage prediction of the two events. 

The present study extends Taub 
and Myers’ investigation by intro- 
ducing the variable of cost ratio, i.e., 
the ratio of the loss associated with an 
incorrect prediction of one event rela- 
tive to the loss associated with an 
incorrect prediction of the alternative 
event. Interactions among the effects 
of cost, gain, and frequency are of 
Special interest, as are the relative 
effects of gain and cost upon perform- 
ance, The relation of choice behavior 


3 This experiment was supported by funds 
provided by the United States Navy Training 
Device Center, Port Washington, New York, 
under Contract 61339-588. 

2Optimal strategy here refers to that 
Sequence of choices which maximizes the 
expected monetary payoff. 


to the EVs associated with events 
will be considered. 


METHOD 


Apparatus—The apparatus has been 
described in detail elsewhere (Taub & Myers, 
1961). Four panels, each 84 in. high and Tin. 
wide were mounted at a 45° angle away from 
S. Each panel contained four lights and two 
switches, arranged in two columns. The 
upper two lights were green and constituted 
the informing lights. The lower two lights 
were amber and indicated S’s choice on each 
trial. The choice lights were controlled by 
the two switches operated by S. 

The informing light sequence was con- 
structed from a table of random numbers 
subject to the following restrictions: (a) 
each light appeared a designated percentage 
of the time; (b) only one light was correct 
on each trial. The sequence was programed 
by a Western Union Tape Transmitter. 

Subjects. —The Ss were 216 undergraduate 
volunteers attending the University of 
Massachusetts. None had previously par- 
ticipated in an experiment of this sort. 

Procedure-—Each S was given 100 chips, 
worth 4¢ each, at the beginning of the session. 
The Ss were instructed in the use of the choice 
switches, and in the purpose of the experi- 
ment. They were told how much a correct 
choice of either light would pay, and how 
much an incorrect choice of either light would 
cost. Chips were cashed in at the end of 
150 trials. 

The Ss were assigned randomly to 27 
of 8, each serving under a different 
ation of relative frequency, gain, and 
cost ratios. The relative frequencies (per- 
centages of occurrence of the two informing 
lights) were 90-10, 70-30, and 50-50. Gain 
ratios were 1 chip to 1 (1:1), 1 chip to 2 (1:2), 
and 1 chip to 4 (1:4), Cost ratios were the 
same as these. In all cases the light with the 
lower frequency of occurrence yielded the 
higher gain and the lower cost. Under the 
50-50 conditions the light with the higher 
gain had the lower cost. In each of the 27 


groups 
combin: 
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cells, 4 Ss saw the low gain light in the right 
panel position, and 4 Ss saw it in the left 
panel position. 


RESULTS AND DISCUSSION 


The mean percentages of prediction 
in the last 50 trials of the high fre- 
quency, high cost, 1-chip gain light 
(Ei) are presented in the column 
labeled in Table 1, The number of 
choices of an event increases as rela- 
tive frequency increases, as cost 
decreases, and as the gain associated 
with the alternative decreases. The 


TABLE 1 


ExpECTED VALUE (EV), DIFFERENCES IN 
EXPECTED VALUR (AEV), AND PER- 
CENTAGE CHOICE OF E; IN 
THE LAST 50 TRIALS (b) 


Relati: 
requemey| ZV | agy b 
50-50 | o0] .00|55.25 
70-30 | .40| `80| 80.25 
90-10 | 80] 1:60] 96;25 
2 | 50-50 | .00} —.50| 35.25 
2 | 70-30 | <40] ‘501 63's0 
2 | 90-10 | <80] 115019575 
1:1 | 1:4 | 50-50 | 001—150 32.75 
1st) 1:4) 70-30 | 40] "to 45.75 
1:1 | t:4 | 90-10 | “go} 4739 86.00 
EE S TET | 5p] =e 27.75 
1:2 | 1:1 | 70-30 | “t0| “2p 76.25 
1:2 | 1:1 | 90-10 | 70] aay 91.25 
1:2 | 1:2 | so-so | —s0|—100 22.50 
1:2 | 1:2 | 70-30 | ito] "$0 59.75 
1:2 | 1:2 | 90-10 | ‘70| 120 90.25 
1:2 | 1:4 | 50-50 | — 50 —2.00 | 33 
1:2 |. 1:4.) 70-30, | 10 —.40 Beye 
1:2 | 1:4 | 90-10 | 70] 439 91.50 
tif | 1:1 | 50-50 |=1.50] 24.59 
i#4 | 1:1/] 70-30 | —'6] "30 659 
1:4 | 4:1 | 90-10 | 30] TA 91.00 
1:4 | 1:2 | 50-50 |=1.50|—2.00 1 
1:4 | 1:2 | 70-30 | “so —.40 rae 
1:4 | 4:2 | 90-10 | “50 T2 89.00 
ti | 1:4 | 50-50 |-1.50|—300 15.50 
1:4 | 1:4 | 70-30 || "zp —1.00 | 32:50 
1:4 | 1:4 | 90-10 | 50 oitan 81.75 
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data from the 70-30 and 90-10 
groups involving 1:1 gain and cost 
ratios suggest that Estes’ matching 
solution for the noncontingent case” 
is unsatisfactory under monetary in- 
centive conditions. Although this 
solution has been verified in a number 
of experiments not involving mone- 
tary incentives (e.g., Estes & Straug- 
han, 1954; Grant, Hake, & Hornseth, 
1951), several other studies using 
incentive have resulted in data similar © 
to those of the two groups under dis- © 
cussion in the present study (Ed- 
wards, 1956; Goodnow, 1955; Siegel . 
& Goldstein, 1959; Taub & Myers, 
1961). All these studies which used 
incentive obtained Pp values which 
were close together at comparable 
levels of relative frequencies. For 
example, Goodnow, Edwards, and 


the present investigators all report 
$ values for x = .70, (for 100 to 150 
trials) between .80 and .83. Thus 


it appears that even the small mone- 
tary incentives used in the present 
study are sufficient to evoke choice 
Probabilities above matching. An 
alternative explanation is that the 
experiments cited provided not only 
incentive, but also a form of feedback 
(increasing and decreasing piles of 
chips or coins) lacking in experiments 
which yielded matching. The relative 
contributions of these two factors of 
Motivation and feedback to choice 
behavior remain to be explored. 

The optimal solutions, in terms of 
Maximizing monetary payoffs, would 
be always to predict the light with 
the higher EV. At the end of 150 
trials, few Ss are utilizing this solution. 
The 50-50 groups’ failure to approach 
this solution more closely is particu- 
larly difficult to account for. Each 
of eight groups. is faced with two 
equally frequent events, one of which 
Pays as much or more and loses the 
Same or less than its alternative. Yet 


SEQUENTIAL CHOICE 


TABLE 2 


ANALYSIS OF VARIANCE OF THE FREQUENCY 
or CHOICE OF E; 


MS F 


Source 
Relative fre- 17,489.24 | 440,76*** 
quency (F) 
Cost (C) 2 1,298.44 | 32.72*** 
Gain (G) 2 823:33 1720:1512 
FXC 4 119.48 3.01** 
FXG 4 323.04 8.14*** 
CxXG 4 54.56 1,38 
FXCXG 8 80.65 2.03* 
Error 189 39.68 => 
mp Sas 
* P < 1001. 


percentage choice of the low-EV 
light ranges from 10.5 to 35.5. It is 
not clear whether Ss expect the higher 
cost light to occur more frequently 
or whether they perceive the situation 
correctly but are incapable of reaching 
a rational decision, at least in 150 
trials. 

The results of an analysis of vari- 
ance of the frequency of choice 
appear in Table 2. All results were 
significant at the .01 level except 
Cost X Gain (P > .05), Cost X Fre- 
quency (P < .025), and Cost X Gain 
X Frequency (P < .05). 


_ The extent and direction of main and 
interaction effects can be predicted by 
assuming a linear relation between AEV 
and p. If the mean AEV for the three 
levels of relative frequency of gain, 
and of cost are computed from the AEV 
column of Table 1, it is evident that (a) 
differences should exist among the mean 
> values for the levels of each of these 
variables, (b) gain and cost should con- 
tribute about equally to the total vari- 
ance (i.e the variances of the mean 
AEV for these two variables are the 
same), and (c) frequency should con- 
tribute about nine times as much vari- 
ability to the data matrix as should 
gain or cost. Actually, cost seems to 
have a somewhat greater effect than gain, 
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and the frequency mean square is larger 
in relation to those of cost and gain 
than the variance of the AEVs would 
suggest. The mean AEVs for cost- 
frequency combinations yield the pre- 
diction that as the cost associated with 
E; increases, p should decrease, and that 
this decrease should be greater as relative 
frequency decreases. This in fact occurs, 
the greatest spread among the mean p 
values for level of cost being observed 
for the 50-50 relative frequency condi- 
tion. A similar prediction can be made 
for the Gain X Frequency interaction, 
that as the gain associated with the 
alternative increases, p should decrease, 
and that this decrease should be greater 
as relative frequency decreases. The 
70-30 frequency condition does show 
a greater variability among the gain 
means than does the 90-10 condition, 
but the three gain means are almost 
identical for the 50-50 condition. Com- 
paring the results for the three cost ratios 
with those for the three gain ratios at 
50-50 relative frequency leads to the 
conclusion that, at this level of frequency, 
increased cost associated with E1 is more 
effective in decreasing choice of E1 than 
is increased gain associated with the 
alternative. Table 1 substantiates this 
inference. Note these pairs of condi- 
tions: the 1:1 cost, 1:2 gain, 50-50 
condition, and the 1:2 cost, 1:1 gain, 
50-50 condition; the 1:1 cost, 1:4 gain, 
50-50 condition, and the 1:4 cost, 1:1 
gain, 50-50 condition; the 1:2 cost, 1:4 
gain, 50-50 condition, and the 1:4 cost, 
1:2 gain, 50-50 condition, Although 
the EVs are the same for the members 
of each pair, increased cost associated 
with Eı yields a lower p value than 
increased gain on the alternative, in all 
three instances. 

Differences in EV do partially account 
for the rank order of p values and for 
some main and interaction effects. How- 
the authors are not proposing a 
of choice behavior based on the 
assumption of a relationship between 

While the simple and 


AEV and $. 
familiar concept of EV does account for 


many relationships among variables and, 
in the absence of any more successful 


ever, 
theory 
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formal model, provides some frame of 
reference within which to organize the 
data, it is evident tht AEV does not 
sufficiently account for the data ob- 
tained. The results of various 50-50 
conditions are particularly deviant since 
the data consistently suggest that when 
two events occur equally often, the 
tendency to choose the one resulting in 
the smaller loss is much greater than the 
tendency to choose the event resulting 
in the larger gain. 


SUMMARY 


Gain, cost, and frequency ratios were 
manipulated for two events in a sequential 
choice situation with monetary incentives, 
Percentage prediction of the events was 
strongly influenced by these variables and 
by their interaction. The relation between 
Percentage prediction of an event and 


the expected value associated with it was 
discussed, 
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THE EFFECT OF RECALL UPON RECOGNITION ! 


NELSON G. HANAWALT anp ARLENE G. TARR? 
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Belbin (1950) published a paper 
which showed rather dramatically 
that recall had a depressing effect 
upon recognition. These experiments 
were inspired by a paper by Postman, 
Jenkins, and Postman (1948) in which 
recall and recognition were compared. 


Postman et al. (1948) gave two groups of 
Ss six trials on a list of 48 nonsense syllables. 
The syllables were read in random order for 
the different trials with instructions to re- 
member as many as possible. Immediately 
after learning Group I took a recognition test 
followed by a 10-min. recall period. Group 
1 had the tests in the reverse order. Recog- 
nition first had a facilitating effect upon 
recall, which did not surprise the authors, 
but they were not prepared for the fact that 
recall first depressed the score on the recogni- 
tion test. The above experiment was not 
designed to test the effect of recall upon 
recognition, consequently the lapsed time for 
the two recognition tests was not controlled. 
The authors assumed that the lower score 
for the recognition test after 10 min. of recall 
was due to weak traces becoming weaker 
during the 10-min. delay. 

Belbin’s (1950) experiments were designed 
specifically to test the effect of recall upon 
recognition, The learning was incidental and 
the method that of interpolated recall. In 
the first experiment 64 Ss spent 2 min. ina 
waiting room with a one-incident safety 
poster facing them on an otherwise blank 
wall, then half of the Ss took a “prompted by 
Standardized questions” recall test, followed 
immediately by a recognition test. The 
control group engaged in an unrelated activity 
following the viewing, and took the recogni- 
O SS 


1 This research was supported in part by 
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tion test after the same lapse of time. The 
recognition test was simply a presentation of a 
duplicate of the original poster with instruc- 
tions to say yes or no as to whether or not 
it was the same picture, regardless of the 
caption. For both Groups I and II, half of 
them saw a picture in recognition with a 
different caption. The caption made a dif- 
ference, but under both conditions Ss who 
had recalled, overwhelmingly said that it was 
not the same, whereas the control group 
for the most part identified it correctly. In 
another experiment Belbin showed that the 
effect was still present after 3 hr. It was 
concluded that the chief factors responsible 
for the results were errors in recall—importa- 
tions and omissions. On the recognition test, 
the absence of some erroneously recalled 
detail or the presence of some nonrecalled 
detail seemed to determine the experimental 
group's rejection of the picture as being the 
same. 

Kay and Skemp (1956), in some pre- 
liminary studies, repeated Belbin’s experiment 
with five groups of Ss, confirming her findings 
but with much less dramatic results. Experi- 
ment I was similar to Belbin's excepting that 
a complex picture (a many-incident park 
scene) was used in the learning period. 
Belbin’s type of recognition test of the pic- 
ture as a whole was used but a 30-item 
questionnaire based upon the incidents in the 
picture was added. Just how closely Belbin’s 
design was followed is not too clear but 
apparently a free written recall period was 
substituted for the “standardized questions.” 
The recall period came 10 min. after the 40- 
sec. viewing of the picture, with the recogni- 
tion test coming 40 min. later. With this 
material and method, the Belbin effect prac- 
tically disappeared for the identification of 
the picture as a whole, since all but 2 of the 
Ss who had recalled said it was the same. 
However, confirmatory evidence for the de- 
pressing effect of recall upon recognition was 
found in the 30-item questionnaire. On the 
10 items frequently recalled, the recall group 
did a little better, but on the 20 items less 
frequently recalled, the nonrecall group did 
nearly twice as well. 

In Exp. II Kay and Skemp (1956) com- 
recalled vs. nonrecalled items of the 


pared 
group of Ss rather than the performance 


same 
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of a recall vs. a nonrecall group. Ina study 
with outline faces, preliminary to Exp. II, 
they showed that the number of reconstruc- 
tion errors was an important factor in recog- 
nition, However, as a result of Exp. II, 
which will not be presented here because the 
writers are unable to understand the exact 
procedure used, a new hypothesis was con- 
structed, namely, “that the juxtaposition of 
better and worse known items will raise the 
threshold of recognition of the latter” (p. 
159), In Exp. III some evidence in support 
of this hypothesis was reported but the 
authors admit that the experiment was not 
well controlled, 


The present experiment was de- 
signed to test the effect of interpolated 
recall upon recognition with delayed 
recognition, different material, and 
an improved recognition test. It 
Seemed well established that a de- 
Pressing effect was present when 
recognition followed immediately after 
recall but there was a question about 
the effect upon delayed recognition, 


METHOD 


The original experiment was conducted in 
1958 with four groups of Ss, two experimental 
and two control, designated below as Sample 
A, In 1960a replication was run with four 
additional groups designated as Sample B. 
All Ss took a true-false test as the learning 
task. I mmediately following learning, Groups 
IA and IB and IIA and IIIB, the experi- 
mental groups, were allowed 8 min. to recall 
as many as possible of the final adjectives on 
the T-F test, During the same time Groups 
IIA and IIB, and [VA and IVB, the control 
groups, participated in the usual class activity 
(lecture). Both samples of Groups I and IT 
took the recognition test 8 min. after learning; 
Groups IIIA and IVA took the recognition 
test 48 hr, after learning; and, because of a 
change of schedule of classes between 1958 


learning. 

Subjects.—There were 102 Ss in the original 
Teplication experiment, all 
female and taking general Psychology at 


Neither of the 2 Es had anything to do with 
the teaching of the classes, 

Learning task—A le ning device was 
desired which would appear to be a completed 
task since two of the groups would not be 
doing anything with the material immediately 
after the learning period—Groups: IIA and 
IIB for 8 min., Group IVA for 48 hr., and 
Group IVB for 52 hr. A life-like situation 
was also desired. The test consisted of 23 
statements with a subject, copula, and final 
predicate adjective, e “Hotel steaks are 
big,” or “Brown eggs are expensive," The 


Statements were all ambiguous in order to 
minimize the effect of true or false, and to 
emphasize the final adjective which was to be 


recalled. The recall instructions were to 
write down as many as possible of the final 
adjectives of the 23 statements on the back 
of the test paper. As far as Ss were concerned, 
the T-F test was the end of the experiment. 

Recognition test.—The recognition test 
contained only a five-choice test for the final 


adjective, numbered in the same order as 
the T-F test. A Synonym of the correct 
choice and an Opposite composed two of the 
choices, The instructions follow: 

We will now have a recognition test. 


From each group of five choices select the 
Word which appeared at the end of each 
Sentence and place its letter in the space 
Provided. The choice groups are in the 
Same order as they appeared in the sen- 
tences. If you are not sure which word is 
correct, guess. Answer every question. 


RESULTS 

A comparison of the recognition 
Scores of the experimental and the 
control groups is presented in T. able 1. 
There is no evidence of a depressing 
effect of recall upon recognition since 
the recall groups all produced higher 
mean recognition scores than their 
respective control groups. After 8 
min. of recall Group IA had a sig- 
nificantly higher recognition score 
than ITA, but this difference did not 
reach significance in Sample B. The 
combined Samples A and B main- 
tained a Significant difference at the 
5% level. When recognition was 
delayed 48 or 52 hr. there was a 
facilitation effect of recall upon recog- 
nition as shown by the significantly 
higher recognition scores of both 
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TABLE 1 
MEAN RECOGNITION SCORES 
Experimental (Recall) Control (Nonrecall) 
PBA.) t 
Group | 1,7, | ¥ 0] dean] | SB (Group maest j | N | Mean | sD 
IA |8min.| 29 | 15.86 | 2.59 | IIA |8min.| 26 | 14.04 | 2.44 
IB |8min.| 22 | 1605 | 2.35 | IIB |8min.| 22 | 15.77 | 2.48 S 
IA+B sı | 15.94 | 2.50 | A+B 48 | 14.83 | 2.60 |2.18* 
THA | 48hr.| 24 | 13.54 | 3.26 | IVA | 48hr.] 23 | 9.54 | 2.54 |4.9744* 
mp | s2he| 16 | 1175} 305 | IVB | 52hr.| 23 | 7.65 | 2.79 |4.20** 
IIIA+B 40 | 12.87 | 3.26 | A+B 46 | 8.24 | 2.95 |6.917** 
*P < .05. 
we P < 02. 
+e p< 001, 


experimental samples over their re- 
spective control samples. After 52 
hr. the mean recognition scores were 
lower than after 48 hr. but the size 
of the difference between experimental 
and control groups was little changed. 
It is unclear from the present data 
whether or not the facilitating effect 
changes in degree between 48 and 
52 hr. 

Upon analysis of the results of their 
Exp. I, Kay and Skemp (1956) found 
that the superiority of their control 
group on the recognition test was 
limited to the 20 items not frequently 
recalled by their experimental group. 
A similar analysis was made of the 
present data. The 11 most frequently 
recalled words (65% recall) were 
compared with the 11 least frequently 
recalled (24% recall). In order to 
make this comparison the recall fre- 
quency was determined for each of the 
23 words. The Ss were then given 
two scores on recognition—one score 
for the words with a recall value above 
the median, and another score on the 
words with a recall value below the 
median. The median word was not 
scored. The percentage of recall of 
all the words was 44% for Sample A 
and 46% for Sample B, considerably 
greater than the 24% of Kay and 


Skemp’s experiment, but favorable 
for testing their hypothesis concern- 
ing the juxtaposition of better and 
worse known items. According to 
this hypothesis the recall group would 
be expected to do poorly on the less 
frequently recalled words. 

The percentage of recognition, Sam- 
ple A and B combined, of the two 
11-word lists, and the total list is 
presented in Table 2. It is interesting 


TABLE 2 


PERCENTAGE OF RECOGNITION ON THE TEST 
AS A WHOLE COMPARED TO THE 11 
Most FREQUENTLY AND THE 
11 LEAST FREQUENTLY 
RECALLED WORDS 


After 48 or 
After 8 min, Cpe! 


Word Groups u 


(recai | (Non eath on, 
reca! 
N=51 | yeas] N=40 | N =46 


36% 
38% 


36% 


56% 
65% 


44% 


64% 
64% 


61% 


69% 
74% 


62% 


All Words 

Most frequently 
recalles 

Least frequently 
recalled 


.—The percentages are proportions of scores 
tier ghia, Sf discrete individuals, consequently the 
significance of the differences was based upon mean 
recognition scores and SDs. Percentages are used in 
the table in order to compare the results with those of 


Kay and Skemp (1956). 
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to note that the percentage of recog- 
nition for Group II on all words was 
the same as for Kay and Skemp’s 
(1956) comparable group (64%), but 
that the results were reversed for 
Group I, 69% to their 43.5%. On 
the frequently recalled words the 
relative difference in recognition scores 
was similar in their experiment and 
in the present one, with the recall 
group doing better in both cases 
(88.2% to 80.6% compared to 74% 
and 64% of the present experiment), 
Groups I and II showed no significant 
difference on the infrequently recalled 
words, whereas Kay and Skemp 
(1956) found that their nonrecall 
group did much better over these 
items (50.6% compared to the recall 
group's 29.1%). It should be noted, 
also in disagreement with their re- 
sults, that the control group of the 
present experiment did no better on 
the frequently recalled words than on 
the infrequently recalled words at the 
8-min. interval. 

With delay in recognition (right 
half of Table 2), the recall group was 
significantly better than the non- 
recall group on all the words as well 
as for the frequently and infrequently 
recalled words. T] here is no evidence 
in Table 2 to indicate that recall has 
a depressing effect upon recognition, 
or that the better known items 


inhibit the recognition of worse known 
items, 


recognition came 8 min. 
after recall, but a facilitating effect 
is present also on the infrequently 
recalled words after 48 to 52 hr. The 
24% correct recall apparently allowed 
for the strengthening of enough traces 
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E 
only the traces of the incidental learn- i 
ing as a basis for response, Since 
a chance recognition score is 20%, 
the nonrecall group apparently had 
few effective traces after the lapse 
of this longer period of time. 

The pattern of correlation coeffi- 
cients between recall and recognition 
adds further evidence to the increased 
influence of recall upon recognition 
with the lapse of time. When recog- 
nition followed immediately after 
recall the rho was .49 for Group IA 
and .46 for Group IB. When recogni- 
tion was delayed for 48 hr., Group 
IITA, the rho was -60, and for Group 
IIIB, after 52 hr., it was .70. 

Belbin (1950) and Kay and Skemp 
(1956) have demonstrated the effect 
of false recall upon recognition, conse- 
quently a detailed analysis was made 
of the present data in this respect, 
using Groups I and III and combining 
Samples A and B. In all there were 
201 false recalls classified as follows: 
66% Synonyms, 19% intrusions from 
the beginning of the T-F sentences, 
9% opposites, and 6% unclassified. 
Fortunately 123 (61%) of the false 
recalls were on the recognition test 
as possible choices. This was due 
largely to the fact that a common 
Synonym and an opposite of the cor- 
rect word had been included in each 
multiple choice group. Thus for the 
123 words the Ss had two learned 
Fresponses—the correct one learned 
in the T-F test and a false one learned 
in recall, Which would they choose 
in Tecognition, the false recall or the 
Correct word ? $ 

The results of the above analysis 
are presented in Table 3. In recogni- 
tion immediately following the recall 
period, the false recall had two chances 
Out of three of being selected, and 48 
or 52 hr. later three out of four 
chances. Since 80% of the total 
recall was correct, and only 61% of 
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TABLE 3 
RECOGNITION RESPONSES OF THE FALSE RECALLS WuicH WERE ALSO A CHOICE 
ON THE RECOGNITION TEST 
Recogiti Chose F; 
Grow ae mme paren E 
A +B) 8 min. 67% 33 7 
II(A + B) 48-52 hr. 14% EA KA 57 


the incorrect recall was directly ef- 
fective because of the nature of the 
recognition test, the total effect of 
recall was positive for the present 
experiment. If erroneous recalls were 
more frequent than correct recalls, 
and if they had a chance to function 
directly on the recognition test, a 
depressing effect of recall upon recog- 
nition would be a reasonable outcome. 


The experiment of Postman et al. (1948) 
replicated with control for time interval. —Since 
Belbin (1950) and Kay and Skemp (1956) in- 
terpreted the results of the experiment of 
Postman et al. as evidence for the depressing 
effect of recall upon recognition, it was de- 
cided to repeat it with the time interval be- 
tween learning and recognition equalized. 
Otherwise the experiment was replicated as 
closely as possible. The experimental (recall) 
and the control (nonrecall) groups were se- 
lected at random from an advanced class in 
psychology composed of junior and senior 
college women. There were 16 Ss in each 
group compared to 35 for Postman et al. 
(1948). Following the learing period (de- 
scribed above), the experimental group had 
10 min. for recall of the nonsense syllables; 
during a similar period the control group 
worked on pencil and paper mazes. Both 
groups took the recognition test 10 min. after 
the last learning trial. 

p The experimental group had a mean recog- 
nition score of 24.69 (SD = 6.25) and the 
control group 26.94 (SD = 4.85). Postman 
et al. (1948) reported a mean of 24.23 for the 
experimental group and 27.66 for the control 
group, a difference which was significant at 
the 1% level. The difference between the 
means of the experimental and the control 
groups in the present experiment was not 
significant, consequently no statement can 

e made concerning a facilitating or a de- 
Pressing effect of recall upon recognition. If 
the replication were a success, as was indicated 
by the close agreement in the means of the 


experimental groups where the conditions 
were identical for the two experiments, it is 
reasonable to suppose that the significant 
difference which Postman et al. reported was, 
as they suggested, due to the further weaken- 
ing of already weak traces during the 10 min. 
delay. 
Discussion 


That correct recall may have a posi- 
tive, and incorrect recall a negative, 
effect upon recognition, was established 
by Zangwill (1937, 1939) and Hanawalt 
(1937), and confirmed in the results of 
the present experiment. A recent survey 
(Hanawalt, 1958) has evaluated these 
earlier studies, and some other recent 
English experiments which pertain to 
the present problem, consequently dis- 
cussion will be limited to the studies 
outlined in the introduction of this paper, 
the only ones which suggest an over- 
all depressing effect of recall upon 
recognition. 

The modified replication of the Post- 
man et al. (1948) study clarified to 
some extent the relation of their study 
to the present one. When the time 
interval between learning and recognition 
was controlled, the evidence which 
Belbin (1950) and Kay and Skemp 
(1956) saw in it for the depressing effect 
of recall upon recognition disappeared. 
On the other hand, the failure of a 
facilitating effect of recall upon recogni- 
tion to appear makes the evidence for 
it at the 8-min. interval in the present 
study more doubtful. It is quite obvious 
that there is neither a facilitating nor a 
depressing effect of recall present over 
all methods and material at this time 
interval. No evidence was discovered 
in the replication which would require 
a change in the interpretation of results 
by the original authors. 
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The reason for the apparent contra- 
diction of the results of Belbin (1950) 
and of Kay and Skemp (1956) with those 
of the present experiment can scarcely 
be attributed to a different learning 
method since incidental learning was 
common to all three, nor to stimulus 
material since it was in each case 
meaningful and familiar. The chief 
differences between Belbin's experiment 
and the present one were in the differ- 
ence in the learning situation, the recall 
activity, and in the type of recognition 
test, consequently these are the areas 
most likely to reveal an explanation of 
the difference in results, That the nature 
of the recall activity is important ap- 
Pears to be born out by the failure of 
Kay and Skemp to reproduce Belbin’s 
results in their Exp. I on the identifica- 
tion of the picture as a whole, 
accounted for this 
attitude change on the part of Ss because 

e many-incident picture in contrast 
to Belbin’s single-incident picture. This 


effective use of them. 
of a detail on 


identify the icture, 
half of z 


Kay and Skemp did 
ducing the Belbin 
item question 

failed on the picture 


instead of 
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in the replication of the Postman et al, 
experiment, both of which used @ 
multiple choice type of recognition test, 

Another factor of importance in the 
difference in results between Kay and 
Skemp's Exp. I and the present one, ig 
the difference in the percentage of correct 
recall: 24% compared to the present 
45%. Since there appears to be no 
disagreement concerning the facilitating 
effect of correct recall upon recognition, 
the higher percentage of correct recall 
of the present experiment would boost 
the scores of the recall groups. The 
facilitating effect for this time interval 
(Table 2) was limited to the 11 fre- 
quently recalled items, Of course a 
high error score would also produce a 
depressing effect. Since the percentage 
of error of Kay and Skemp’s experiment 
and the present one was approximately 
the same (21% to 20%) this may not 
have been too important. However, it 
must be remembered that 39% of the 
recall errors did not appear on the 
recognition blank of the present study 
and hence were probably ineffective. 
In the light of Belbin’s results an er- 
roneous recall appears to be much more 
effective on a recognition test of the type 
used by Kay and Skemp than on a mul- 
tiple choice type, but possibly less effective 
n determining the strength of faint 
memory traces. Factors aside from the 
Specific trace of the learning period, such 
as attitude, inference, etc, would seem to 

More important in the former. 

A further word should be said con- 
cerning “the learning methods. Both 
Belbin and Kay and Skemp had Ss 
simply observe the pictures, while Post- 
man et al. and the present experiment 
required a specific reaction to each item. 

y and Skemp reported some intro- 
spective evidence indicating that many 
associations were to the picture as â 
whole. It js Possible that some details 
Were not reacted to at all which would 
explain the low percentage of recall. A 

ting reaction to other items would 
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tend to increase the error in recall and 
consequently, for this group, the error 
in recognition. 

The above discussion of the divergent 
results concerns chiefly the 8-min. recog- 
nition period, since the present experi- 
ment is the only one which tested after 
several days. At this longer time 
interval there appears to be no doubt 
that recall has a facilitating effect under 
the conditions of the present experiment. 
The results are consistent with those 
of Hanawalt (1937, pp. 57-63) on 
memory for designs, where recall was 
found to have a facilitating effect for 
at least 8 wk. When learning is inci- 
dental, it is reasonable that the effect 
of recall should increase with delay in 
recognition, provided that there is more 
correct than incorrect recall, and the 
recognition test is one which favors the 
operation of traces of the learning period 
over general responses of the S. When 
recall and recognition follow immediately 
after learning, the traces are all relatively 
fresh so that traces strengthened by 
recall have less chance to show their 
strength. With the passing of time more 
of the incidental learning traces drop 
below functional strength for recognition, 
but many of the relatively stronger re- 
call traces, whether correct or incorrect, 
are still above threshold value, as was 
inferred above in connection with Table 2. 

Recognition, as Woodworth (1948, 
p. 81) pointed out for recall, is a problem 
to which S brings all of his “available 
responses,” only some of which are 
based upon the traces of the learning 
period. Correct recall preceding recog- 
nition raises the score, and incorrect 
recall lowers it, but this is not the whole 
story. Even when the trace has been 
strengthened by correct recall, there are 
still erroneous recognitions, and correct 
recognitions (as many as one-third in 
the present results) when the trace has 
been weakened by erroneous recall. The 
S's response on the recognition test is 
apparently influenced by subtle experi- 
mental factors, as suggested above, which 
bring variable general responses to bear 
upon the final decision. 
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SUMMARY 


The effect of interpolated recall upon 
recognition was measured at different time 
intervals: immediately following recall and 
48 or 52 hr. after recall. The learning was 
incidental in the form of a true-false test 
and recognition was measured by a multiple 
choice test. Interpolated recall produced 
some equivocal evidence for a facilitatin 
effect of recall upon recognition when recogni- 
tion followed immediately after recall; when 
recognition was delayed 48 or 52 hr, the 
facilitating effect was unequivocal. A test 
of the hypothesis that in recognition better 
known items have a depressing effect upon 
worse known items produced negative results, 
The effect of both erroneous and correct 
recall was found to increase with the lapse of 
time. ‘The disagreement of the present results 
with some recent studies showing a depressing 
effect of recall upon recognition is discussed in 
the light of possible factors accounting for the 
differences. More research sia he 
it will be possible to predict roca 
have a facilitating, a depressing, or no effect 
upon recognition. 
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THE RELATIVE EFFECTIVENESS OF POSITIVE AND 


NEGATIVE VERBA 


L REINFORCERS 


AUSTIN JONES! 


University of 


Buchwald (1959a, 1959b) and Buss 
and his associates (Buss, Braden, 
Orgel, & Buss, 1956; Buss & Buss, 
1956; Buss, Wiener, & Buss, 1954) 
have studied acquisition and extinc- 
tion as a function of three different 
combinations of verbal reinforcers— 
Right-Wrong, Nothing-Wrong, and 
Right-Nothing. It was uniformly 
found that acquisition is weaker 
under the Right-Nothing combination 
than under Nothing-Wrong and Right- 
Wrong. No significant differences 
have been found between the latter 
two. To account for the lesser 
efficacy of the Right-Nothing com- 
bination, Buss, Braden, Orgel, and 
Buss (1956) proposed that Nothing 
is a nonreinforcer and that Right is a 


negative reinforcer, Buchwald (1959a) 
cites evidence in support of an alter- 
“that when S is 
exposed to either RN or to NW, N 
acquires a reinforcement value oppo- 
Site in direction to that of the event 
with which it is combined, and that 
the value acquired by N in the NW 
combination exceeds that which it 
acquires in the RN combination” 
(p. 351). It should be noted that the 
two formulations are not mutually 
exclusive; it is conceivable that Right 
may be shown to be a weaker rein- 
forcer than Wrong and also that 
simultaneously Nothing tends to ac- 

1 The author wishes to thank Arnold Buss 


and William Meyer for reading the manu- 
script, 


Pittsburgh 


quire a value opposite to that of the 
word with which it is paired. 

The purpose of the present study 
was to assist in the clarification of 
these issues by providing a direct 
test of the hypothesis that Right is 
a weaker reinforcer than Wrong. 
Each of the studies cited above pro- 
vides only inferential evidence on 
the question, since the two words 
were always arranged in a combina- 
tion, either with each other or with 
Nothing. In the present experiment, 
acquisition was studied as a function 
of “pure” positive and negative 
reinforcements, Subjects were given 
but a single training trial and were 
reinforced by the single utterance of 
the word Right or Wrong. 


METHOD 


Subjects —In order to enhance the com- 
parability of this experiment to those cited 
above, two different S samples were employed 
—the first a psychiatric group similar to that 
used by Buss, Braden, Orgel, and Buss (1956), 
the other an undergraduate college group 
similar to those used by Buchwald (1959a, 
1959b). The psychiatric group consisted of 
26 inpatients at a VA hospital, who served 
on a volunteer basis. Most of them were 
under 30 years, and had received 12 or more 
years of education, Patients were excluded 
Who had received shock treatment within the 
preceding 3 weeks, who were disoriented, 
or who had organic diagnoses. The college 
group consisted of 34 undergraduate volun- 
teers from the University of Pittsburgh. 

Learning materials —The task set for the 
‘Ss was to learn the association of the nonsense 
syllable DAK with the number concept “four 
in the Wisconsin Card Sorting Test (Grant, 
1951). The WCST materials have been 
employed previously in the study by Buss and 
Buss (1956). In the present experiment, 
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cards were used, with each color, form, and 
number of forms presented equally. A special 
training card was prepared which was of the 
same overall size and shape as the WCST 
cards. On it were drawn, in black ink on a 
white ground, four identical forms not repre- 
sented anywhere in the WCST. These forms 
could be described approximately as verticle 
rectangles with a crescent-shaped notch in 
the upper end. There are no black and white 
figures in the WCST; thus, the only formal 
element shared by the training card and the 
WCST series was that of ‘fourness."” 

Procedure—The Ss were tested indi- 
vidually. They were seated across a desk 
from E, who informed them that this was 
“an experiment to see how well people can 
solve problems when they have very little 
information to go on.” They were told they 
would be shown a series of cards, some of 
which are called pax, the others vec, and 
that they should try to sort them into the 
appropriate categories. Before being handed 
the deck of 64 cards, Ss were shown the train- 
ing card and asked to guess its identity. If 
the S said pax, E replied “Right”; if S said 
vec, E replied “Wrong.” The deck of cards 
was then sorted without further communica- 
tion between S and E. 


RESULTS 


Learning of the correct solution— 
that DAK equals the number concept 
“four’’—would be reflected in a gen- 
eralization gradient showing a de- 
creasing frequency of DAK responses 
over the categories 4, 3, 2, and 1 
of the WCST. Failure to learn the 
correct solution would be indicated 
by flat or increasing gradients. An 
analysis of variance comparing the 
gradients associated with the two 
S groups and two reinforcers yielded 
no significant differences. The Ss 
variability was very great, as was 
expected in light of the unstructured, 
ambiguous quality of a task in which 
performance has been guided by a 
single reinforcement. A nonvariance 
type of analysis was then selected, 
in which each S’s performance was 
evaluated grossly for overall evidence 
of learning, regardless of the slope of 
the gradient. This analysis, utilizing 
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TABLE 1 


NUMBER oF Ss SHOWING Positive GRA- 
DIENTS (CONSISTENT WITH LEARNING THE 
Correct RESPONSE) AND ZERO OR 
NEGATIVE GRADIENTS, AFTER 
REINFORCEMENTS RIGHT 


AND WRONG 
College Group Psychiatric Group 
N =34 N =26 
Reint. | eh, 
osi- osi- 
osi- | Zero or osi-| Zero or 
ËE [Negative | Total] Ery. |Negative | Total 
dient | Gradient dient Gradient 
Right | 2 17 19 | 9 6 15 
Wrong ea HiS es 8 11 
Tol | 11 | 23 oa | 12 | 14 | 26 


a different type of score, is regarded 
as essentially independent of the 
unsatisfactory previous analysis. Ta- 
ble i shows the number of Ss whose 
gradients were in the downward or 
“positive” direction indicative of cor- 
rect learning—regardless of the mag- 
nitude of the trend—and the number 
whose gradients were zero or “nega- 
tive.” Thus, Ss were categorized as 
having positive gradients whenever 
the frequency of DAK responses to the 
pooled four and three category ex- 
ceeded that to the pooled two and one 
category. Fisher’s exact probability 
test (Edwards, 1950) was used to 
assess the significance of the differen- 
tial effectiveness of Right and Wrong 
in the two groups. The exact prob- 
ability tests indicated: (a) in the 
college group, a significantly greater 
proportion of those receiving Wrong 
had positive generalization gradi- 
ents than did those receiving Right 
(P = .006); (b) in the psychiatric 
group, the proportion of positive 
gradients among those receiving 
Right was not significantly greater 
than among those receiving Wrong 
(P = .208); (c) viewing the data 
from another direction, the psychi- 
atric group has a significantly higher 
proportion of positive gradients under 
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the Right condition than does the 
college group (P = .006), and (d) 
the proportion of positive gradients 
under the Wrong condition is not 
Significantly higher in the college 
group than in the psychiatric group 
(P = .208). All probability values 
are given for two-tailed tests. 


Discussion 


For the group of college Ss, the results 
support the hypothesis that Right is a 
weaker reinforcer than Wrong. The 
group of Ss receiving Wrong showed a 
Proportion of “positive” gradients, i.e., 
those consistent with learning of the 
correct response, that was significantly 
greater than that of the Ss receiving 
Right. Upon inspection of the absolute 
gradients of those receiving Right, it 
was apparent that, as a group, their 
gradients were 
flat, but that instead they moved in the 
upward or “negative” direction in a 
trend of approximately equal magnitude 
to the positive gradients of those receiy- 
ing Wrong. This suggests that some 
learning had occurred, but of an incorrect 
concept in which DAK was associated 
with the numbers two and one, 


group. When an S responds to the single 
training card, he probably does so in 
accordance with an 


ideational response of some sort con- 


of the task. If S 
Wrong, thereby punishing not only 
the utterance of the incorrect syllable, 


but also the incorrect ideational response 
associated with it, 


to the Series of 64 cards with his dominant 


and incorrect hypothesis having been 
punished, and wi 


sis now somewhat closer to a Position of 


dominance in his hierarchy of ideational 
responses. If, on the other hand, S 
happens to say DAK to the training card, 
E says Right and thereby reinforces 
not only the utterance of that syllable 
but also the incorrect hypothesis which 
preceded it. Thus, such an S begins to 
sort the cards with his initially dominant 
and incorrect hypothesis made still more 
dominant by E's reinforcement. Conse- 
quently, he would be expected to be less 
“flexible” in his sorting, and more likely 
to perpetuate the type of error associated 
with his first hypothesis. i 

In general, it is suggested that Wrong 
will have a greater positive effect on 
learning than will Right when the 
dominant hypotheses concerning the dis- 
criminative stimuli are incorrect. An 
answer to the question of the differential 
effectiveness of positive and negative 
reinforcers per se would then await 
research in which the relative initial 
dominance of cofrect and of incorrect 
hypotheses is equated. 

For the psychiatric group, the Buss, 
Braden, Orgel, and Buss (1956) hypothesis 
that Wrong is a stronger reinforcer than 
Right was not supported; as noted earlier 
the trend was in the opposite direction. 
The interpretation of this negative 
finding does not seem immediately clear. 


SUMMARY 


A direct test was attempted of the hypothe- 
sis that the word Wrong is a stronger rein- 
forcer than the word Right. Twenty-six 
Psychiatric inpatients and 34 college under- 
graduates learned the association of a non- 
sense syllable with the number concept 
“four.” After single training trial in which 
S’s response was followed by Æ saying either 
“Right” or “Wrong,” Ss sorted 64 cards of 
the Wisconsin Card Sorting Test without 
further guidance from E. The data consisted 
of the number of Ss whose generalization 
gradients showed decreasing frequencies of 
response from the pooled number category 
4-3 to that of 2-1, In the college group such 
“positive” gradients, indicative of learning 
of the correct response, were significantly 
more often associated with the reinforcer 
Wrong than with Right. Such a significant 
difference did not appear in the data for the 
Psychiatric group. A comparison between S 
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groups showed that Right was significantly 
more often associated with positive gradients 
in the psychiatric group than in the college 
group. 
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PATTERN MATCHING IN THE PRESENCE OF 
VISUAL NOISE1 


MALCOLM D. ARNOULT 


Texas Christian 


University 


AND 


During the past few years con- 
siderable research has been devoted 
to specifying the conditions affecting 


discrimination, recogr 


nition, and iden- 


tification of shapes and patterns, Of 
particular interest is the situation 
in which a stimulus is to be matched 
with one which differs somewhat from 
it in appearance, because this situa- 


tion could be conside 


red a prototype 


of everyday perception, Completely 
identical objects are rarely seen, 
out fairly effi- 


yet observers carry 


ciently the processes o; 


f categorization 


and recognition despite the many 
differences which exist between ob- 
jects belonging to the same class. 
Research is needed to identify the 
various ways in which visual stimuli 
may be distorted and the effects of 
distortion in relation to the kind of 
stimulus, the kind of Perceptual task, 


and the conditions of 


observation, 


to the pattern. He found that errors de- 


creased as the number of 


as the number of noise dot: 
eight). Pollack (1955) invi 
pas Ba ea 


1 This report is based 
submitted by the secor 
Graduate School of the 


dots in the basic 


nine) and i ncreased 


'S increased (up to 
estigated the effect 
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of visual noise on the recognition of patterns 
constructed by the sequential arrangement 
of stimulus elements into “paths.” In one 
of his conditions S was required to match a 
distorted path to one of a set of alternative 
paths. When the number of alternatives was 
four, for example, he found that a 50% dis- 
tortion (noise level) of the stimulus path 
produced 20% errors in matching, correspond- 
ing to an increase of response uncertainty of 
slightly less than 1 bit, 

Recently Hillix (1960) has reported an 
experiment in which the stimuli consisted of 
patterns of filled and unfilled cells of a 100 
X 100 matrix. He varied the number of 
filled cells from 10% to 50% and the amount 
of distortion from 10% to 40%. He found 
that the number of errors made in matching 
distorted patterns to their prototypes could 
be predicted (r? = .88) froma similarity index 
based on the number of filled cells common to 
the two stimuli. Likewise, response latency 
could be predicted on the same basis (7?=,94). 


The present experiment was, in 
general, very similar to the one by 
Hillix, although the specific conditions 
all differed. Cells were filled with 
dots rather than squares, the number 
of filled cells was determined on a 
probability basis (P = .50), distortion 
Was introduced by adding or removing 
filled cells rather than by displacing 
them, and the conditions of stimulus 
Presentation differed in a number of 
details, Nevertheless, there was con- 
siderable similarity between the tasks, 
and it is of interest to determine 
whether the data can be described by 
the same empirical function. 


METHOD 


Stimuli —A number of prototype patterns 
was constructed, and for each of these a 
number of test patterns was constructed by 
introducing a specified amount of randomly- 
determined variation into the prototype pat- 
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tern. The prototypes were constructed on 
8 X 8 matrices, with dots being placed in the 
64 cells with a probability of .50. The actual 
number of dots on the completed prototypes 
varied from 24 to 36, with a median of 29.5. 
Four prototypes were assigned to each of 
four conditions of visual noise, and 7 test 
patterns constructed for each prototype, 
making a total of 112 test patterns in the 
experiment. 

Test patterns were constructed by dis- 
torting the prototypes in the following way: 
a randomly selected cell of the matrix was 
changed to the opposite state; i.e., if it was 
vacant, a dot was added, and if it had a dot, 
the dot was deleted. The number of cells 
chosen for alteration was determined by the 
noise level desired. In the 0% noise condition 
no cells were changed; each test pattern was 
identical to its prototype. The 5% noise 
level was approximated by changing 3 of the 
64 cells. Similarly, 10% noise involved 
changing 6 cells, and 20% noise involved 
changing 13 cells. Thus, each test pattern 
at a given noise level was equivalent to each 
other test pattern at that level but differed 
in terms of the particular cells which. had 
been changed. 

The test patterns were made by photo- 
graphing a matrix of illuminated circles. The 
resulting negatives were bound into 2 X 2 in. 
slides for use in the projector. The prototype 
patterns were cut out of heavy poster board 
and backed by black paper. The dot pattern 
was centered on a 10 X 10 in. field, which 
was the size of the field on which the test 
patterns would be projected. Figure 1 is an 
example of the test situation as viewed by S. 
4 Apparatus.—The test patterns were pro- 
jected by an ordinary slide projector equipped 
with an aluminum leaf-type shutter controlled 
by a rotary solenoid actuated by a Hunter 
timer. Exposure time was 0.7 sec.; inter- 
exposure time was controlled by Æ and was 
about 5 sec. in duration. 

The projection screen was a 37 X 38 in. 
Masonite board painted flat black on S's 
side. The four prototype patterns for a given 
noise level were attached at the corners of the 
screen, In the center was a 10 X 10 in. 
translucent screen on which the test patterns 
were projected from the rear. The room was 
brightly illuminated by overhead fluorescent 
fixtures, and the contrast in the projected 
pattern was approximately equal to that of 
the prototype patterns. 

Procedure.—The Ss were seated at an 
average distance of 11.5 ft. from the screen 
and provided with answer sheets. For each 
trial the answer sheet provided four boxes 


Fic. 1. The matching task as viewed by S. 
(The test pattern appeared in the center for 
0.7 sec. and was to be matched with one of 
the four surrounding prototypes. The pattern 
illustrated is a 20% distortion of the lower 


left prototype.) 


corresponding to the positions of the four 
prototype patterns, The following instruc- 
tions were read: 


The purpose of this experiment is to 
investigate how accurately and rapidly 
people can identify complex patterns under 
various conditions, All of the patterns 
you will see will be of the same general type 
as the four which you now see in front of 
you. I will flash a pattern on this screen in 
the center; your task will be to determine 
which of these other four patterns it most 
resembles. In some cases the resemblance 
will be quite obvious. In other cases your 
decision will be more difficult. But in every 
case the pattern which is flashed on the 
screen will resemble one of these four 
“prototypes” more than it resembles the 
other three. Is that clear? 

‘The test pattern will remain on the 
screen only a short time, so you must pay 
close attention if you are to identify it 
correctly. As soon as the pattern disap- 
pears, mark your decision on your answer 
sheet in one of the four boxes provided for 
each trial. If the test pattern most resem- 
bles the upper-left prototype, put an Ls ted 
in the upper-left box; if it most resembles 
the lower-right prototype, put your i ld 
in the lower-right box, and so forth, Is 
that clear? , 

Just before each pattern Is flashed on 
the screen I will give you a “Ready” 
signal by calling out the number of the 
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I will say “This is 
Number 2,” and so 


trial. For example, 
Number 1,” “This is 
forth. s 

Keep your hand near the Paper so that 
unnecessary searching for the proper trial 
will not interfere with your responses, Are 
there any questions before we begin? 


All 28 patterns for a given noise level were 
Presented at the rate of about one every 6 
sec, (0.7-sec. exposure + 5-sec, intertrial inter- 
val), following which there was a short rest 
period during which the prototype patterns 
were changed to those associated with a 
different level of visual noise. The order in 
which the noise levels were tested and the 
positions of the prototype patterns on the 
screen were counterbalanced. A new random 
order of the 28 test patterns within a noise 
level was used with every group of Ss, 

Subjects.—The Ss were 80 college students 
about equally divided between men and 
women. They were Uunsystematically divided 
into 10 groups of 8 Ss each, and data were 
collected from all members of a group simul- 
taneously. 


RESULTS AND Discussion 


The data were analyzed both in 
terms of the percentage of errors at 
each noise level and in terms of 
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range of noise levels used. At the 
highest noise level Ss were making 
slightly over 50% errors and were 
transmitting only 0.20 bits of informa- 
tion of the 2.00 bits inherent in the 
four response categories. 


It is interesting to compare these 
Curves with the data reported by Pollack 
(1955) for distorted dot patterns ar- 
ranged to form “paths.” He found 
errors to be a positively accelerated func- 
tion of amount of visual noise, with little 
or no increase in errors below a noise 
level of 20%, Although the methods of 
Producing noise are not directly com- 
parable, it is notable that there are only 
slight signs of positive acceleration in 
the error function obtained in the present 
experiment. It is also notable that there 
were 10% errors committed at the 0% 
noise level in this task and only about 
1% in Pollack’s task, suggesting that 
the present task Was considerably more 
difficult. The number of pattern ele- 
ments was roughly the same in the two 
Studies (28 vs, a median of 29.5), and 
the total number of matrix cells was 
much greater in Pollack’s experiment 
(324 vs. 64), but the constraint he im- 
posed in Tequiring the elements to form 
a path apparently reduced the total 
amount of information in the patterns 
to a value less than in the dot patterns 
used here, 

The present task was also more dif- 
ficult than that used by Hillix (1960). 
His 50% Fill- 10% Distortion condition 
and 50% Fill- 20% Distortion condition 
are comparable, Tespectively, to the 10% 
and 20% distortion conditions we used. 
His Ss committed about 25% errors in 


exposed until S re- 
onde 9 sec.), whereas our 
stimuli were exposed for only 0.7 sec: 
Despite the differences in overall level 
Of performance in the two experiments, 
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S's responses may have been determined 
by the same sort of factors in both 
cases. Hillix was able to show that he 
could obtain an r? of .88 between the 
number of correct responses and a meas- 
ure of “similarity” based, essentially, 
on the number of filled cells common to 
the standard and the correct alternative. 
Consequently, an attempt was made to 
apply a similar measure of similarity 
to the present stimuli. It was not 
possible to use exactly the same index 
used by Hillix because the number of 
filled cells in common with the standard 
was not necessarily the same for each 
of the seven alternatives constructed. 
Instead, the proportion of filled cells’in 
common was computed for each alterna- 
tive and averaged across all seven. 
This procedure resulted in 16 values for 
the similarity index, one for each of the 
four prototypes (or standards) at each 
of the four noise levels, Correlating the 
values of this index with the number of 
correct choices for each prototype at 
each noise level yielded an 7? = .94, 
with the equation for the line of best 
fit being C’ = 1.9771 — 1.070, where 
C’ is the predicted number correct and I 
is the index of similarity. 

Thus, for both Hillix’ experiment and 
the present one, it is possible to make 
quite accurate predictions of the number 
of correct responses as a function of the 
amount of distortion introduced into the 
pattern. To be most useful, however, 
the index of similarity should predict 
not only that an error will be made but 
which incorrect alternative will be chosen. 
Every possible pair of patterns should 
have some probability of being chosen 
as a consequence of the number of filled 
cells in common. At each level of dis- 
tortion in the present experiment there 
were 84 possible pairs composed of test 
patterns and incorrect prototypes. The 
index of similarity for each pair was 
correlated with the number of times each 
pair was chosen in the experiment. The 
correlations for the various noise levels 
fell in the range from .25 to .35. These 
were statistically significant, but were 
not large enough to provide a basis for 
accurate predictions. It may be that 
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precise prediction of pairings of these 
patterns depends upon complex sub- 
patterns of dots as well as upon the loca- 
tions of individual dots. For example, 
it would be interesting to get indexes 
of similarity based upon pairs of dots in 
common, triplets in common, quad- 
ruplets in common, and so forth. The 
similarity of subpatterns composed of 
white spaces would also possibly be 
important. The kind of analysis being 
proposed would be practicable only if it 
could be automatized and carried out 
by a large computer. If it paid off, 
though, it would provide a possible basis 
for predicting errors of matching made 
with almost any kind of complex pat- 
terns, in that the patterns could be 
quantized as matrices of filled and un- 
filled cells, and the index of similarity 
used to predict the probability of match- 
ing errors made by a human observer. 

In analyzing the incorrect responses 
it was observed that these errors ap- 
peared to be nonrandomly distributed 
among the prototypes and that this 
tendency toward nonrandomness ap- 
peared to increase with increasing dis- 
tortion of the test patterns. This 
observation was tested by computing 
the value of x? for the distribution of 
errors among incorrect alternatives for 
each prototype at each level of distortion. 
The probabilities associated with each of 
the resulting 16 x?’s are shown in Table 1. 
It can be seen that in 8 of the 16 cases x? 
was significant beyond the .05 level, and 


TABLE 1 


PROBABILITIES ASSOCIATED WITH x? TESTS 
or THE HYPOTHESIS THAT ERRORS ARE 
DIŞTRIBUTED RANDOMLY AMONG 
THE INCORRECT ALTERNATIVES 


Noise Level 
Proto- 
type az, 5% 10% 20% 
i <.01 <.01 

$ i o <.01 
c = <.01 <.01 <.01 
EOE Soule Soh lle” 

*P > 05. 
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that both the number of significant 2's 
and their level of significance increased 
with an increase in the amount of distor- 
tion. It would appear, then, that one 
of the effects of increasing distortion was 
to cause the test patterns to become more 
similar to some of the incorrect proto- 
types than to others. 


SUMMARY 


Prototype patterns of dots were con- 
structed by placing dots with a probability 
of .50 in the cells of an 8 X 8 matrix. Dis- 
torted versions of these prototype patterns 
were then constructed by randomly removing 
or adding dots in 0%, 5%, 10%, or 20% of 
the cells in the matrix. Four Prototype 
patterns were used at each noise level, and 
seven randomly-differing test patterns were 
constructed for each prototype. Each test 
pattern was presented for 0.7 sec., and S’s 
(N = 80 college students) task was to match 
it to the Prototype which it most resembled. 

The major findings were: 

1. Errors increased from 10% at 0% dis- 
tortion to 50% at the 20% distortion level. 
At the same time, information transmitted 
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decreased from 1.38 bits to 0.20 bits, 
relationships were linear, 

2. The increase in errors could be ac- 
counted for (r? = .94) by an index of simi- 
larity based on the number of dots in common 
between the test patterns and the prototype 
at each noise level. The index did not, how- 
ever, account satisfactorily for the distribu- 
tion of errors among the incorrect alternatives, 

3. The distribution of errors among incor- 
rect prototypes was increasingly nonrandom 
as distortion increased, 


Both 
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On the basis of a series of studies 
(Collier & Myers, 1961; Collier & 
Siskel, 1959), two clusters of events 
have been isolated which control 
momentary rate of responding. The 
first cluster is the olfactory, gusta- 
tory, kinaesthetic, and other sensory 
Consequences of the reinforcing sub- 
stance. The basic relation here is 
_ that rate is a linear increasing func- 
tion of log intensity of stimulation. 
The second cluster is the momentary 
Postingestive load. Rate of respond- 
ing is a decreasing function of con- 
centration. The present studyiscon- 
cerned with the effect on these func- 
tions of the nutritive state of the 
animal. 


METHOD 


Subjects —The 172 Ss were naive male 
Tats, 90 to 120 days old, of the Sprague- 
Dawley strain obtained from the Holtzman 
Company. Twenty-eight Ss were lost because 
they either failed to drink during magazine 
training or failed to make more than 10 
responses per bar press (BP) session; 23 of 
the losses occurred in the low-deprivation 
Condition and 12 of these were lost in the 4% 
Condition. This differential loss biases the 
sample, 

Apparatus—Four Skinner boxes that 
Provided liquid reinforcement were used. 

he Magazines were 12-in, diameter, covered, 
Guuninum plates with 72 .4-ml. cups around 
the periphery. The magazines were loaded 
Re means of a Cornwall automatic pipetting 
vice. A more detailed description of the 
en is given in Collier and Myers 
pol) TI he solutions used were prepared 
R t This investigation was supported by 
eat Grant M-3328 from the National 
| moe of Mental Health, of the National 
ee ates, of Health, Bethesda, Maryland. 
i Preliminary report of these data was given 
i a paper entitled “Regulation and rein- 
rcement,”” Midwestern Psychological Asso- 
ciation, 1960, St, Louis, Missouri. 


from commercial sugar 24 hr. before use and 
kept at room temperature no longer than 
48 hr. 

Procedure —Three concentrations of su- 
crose (4%, 16%, and 64%), two volumes of 
reinforcement (.1 and .3 ml.), two fixed inter- 
val, interreinforcement intervals (1 and 4 
min.), and two levels of deprivation (3 hr. 
[L] and 23 hr. [H]) were combined fac- 
torially. Six Ss were in each cell. Three 
hours was chosen as the low deprivation con- 
dition to minimize gastric load. Experimen- 
tal sessions were 30 min, in duration. Seven 
days of table training involving handling 
deprivation adaptation, and drinking of the 
appropriate test solutions, were followed by 
4 days of magazine training, 7 days of bar 
press training, and 3 days of extinction. 

On the 3-hr. deprivation schedule, the food 
was removed 3 hr, before the experimental 
session and replaced immediately following 
the session, On the 23-hr. schedule, Ss were 
fed for 1 hr. immediately following the experi- 
mental session. The differential amounts of 
sugar ingested under each of the Concentra- 
tion X Volume X Interval combinations were 
not compensated for in the daily diet. 

Magazine training consisted of 30 presen- 
tations per session of the appropriate volume 
and concentration on a 1-min, variable inter- 
val (VI) schedule. The number of presenta- 
tions consumed was recorded and any S 
which failed to take at least 25 of the 30 
possible on each of the last 2 days of maga- 
zine training was discarded. T 

During extinction sessions, the magazine 
was present but did not operate. ss 

The experiment was run in replications 
of 24 Ss. With the exception of volume, 
conditions were counterbalanced across cages, 
boxes, and time of running. The Ss that 
received .3 ml. reinforcement were started 
when about one-half of those with .1 ml. 
reinforcement were completed. 


RESULTS 


Figure 1 presents the cumulative 
BP curves showing the within session 
course of responding. Figure 2 pre- 
sents the number of responses in the 
first 5 min. An analysis of the average 
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GUMULATIVE BP 
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Fic, 1. Cumulative number of BP as a func 
(.1 and .3 ml.), 


of] the flast 2 days (6 and 7) of rein- 
forced BP for concentration, volume, 
interreinforcement interval, depriva- 
tion, and minute of the session is 
presented in Table 1. Figure 3 pre- 
sents the paralle datal for Day 1 
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Fic, 2. Total number of BP in first 5 min. 
as a function of concentration (4%, 16%, 
64%), volume (.1 and .3 ml.), interval (1 and 
4 min.), and deprivation (L and H). 
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tion of concentration (4%, 16%, 64%), volume 


interval (1 and 4 min.), and deprivation (L and H). 


of extinction. An analysis of these 
data for C, V, I, D, and extinction 
sessions, is summarized in Table 2. 
Initial and terminal rate will be 
examined separately. 

Initial rate—Examination of the 
initial slopes of the curves in F ig. 1 
shows that initial rate is an increasing 
function of concentration. Compari- 
son of Fig. 3 with Fig. 2 further shows 
that the linear relation between rate 
and log concentration is obscured by 
the decremental effects of even a few 
reinforcements and their consumma- 
tory and postingestive consequents- 

Initial rate is an increasing function 
of volume as shown in Fig. 2. 
similar relation is shown in the extinc- 
tion data of Fig. 3, where the consum- 
matory and postingestive effects are 
absent. Volume and concentration 
interact (Fig. 2 and 4) so that the 
slope of the initial rate-concentratio" 
function is greater at higher volumes: 
Figure 4 presents the volume-conce™ 
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t TABLE 1 


ANALYSIS OF VARIANCE OF THE AVERAGE 
NumBer or BP PER MINUTE OVER 


Days 6 AND 7 
Source df MS F 
Between Ss 143 983.9 
Concentration (C) 2 | 10,165.3 | 26.82" 
Volume (V) 1 | 2,030.9 | 5.36" 
Interval (I) 1 | 6,283.4 | 16.57%* 
A Deprivation (D) 1 | 43,029.2 | 113.514 
CXV 2 | 1,556.7 | 4.11% 
CXI 2 | 1,598.5 | 422% 
CXD 2| 3816.2 | 10.07% 
| VXI 1 [s.3,104.2 8.199% 
VXD 1 1.5 100 
IXD 1 | 1,645.3 | 4.34* 
CXV XI 2:| "884.2 |. 2.33 
CXV XD 2 20.8 -05 
CXIXD 2 744.8 1.96 
VXIXD 1 59,3 -16 
CXV xI xD 2 743.8 | 1.96 
ye Error (b) 120 379.1 
Within Ss 4176 13.8 
Minutes (M) 29 183.9 | 15.58** 
CXM 58 17.6 1,51% 
V XM 29 30.2 | 2.56%* 
I XM 29 29.8 2.5204 
DXM 29 17.3 1.46 
CXV XM 58 17.4 1.49 
CXI XM 58 14.9 | 1.28 
CXD XM 58 15.3 1.31 
VXIXM 29 35.1 2,98" 
VXD XM 29 20.1 1.70* 
LXD XM 29 8,7 :74 
~Cxv XI XM 58 18.8 1.61%" 
CXV XD XM 58 8.7 -15 
CXIXDXM 58 9.3 <19 
VXIXDXM 29 14.2 1.21 
CXVxI 
T XD XM 28 20,7 4,77" 
Error (w) 3480 11.6 
TAP < os. 
P= 0. 


ation extinction data collapsed over 
interval. In the present experiment 
at the lowest concentration the vol- 
umes used do not produce very dif- 
ferent initial rates. Other data ob- 
tained in this laboratory indicate that 
this difference at the near threshold 
Concentration is a function of the 
kind (e.g., thirst or hunger) and 
“degree of deprivation. 

Initial rate is a decreasing function 
‘of interreinforcement interval. This 
‘elation is preserved in the number of 
€xtinction responses of Day 1 of 
extinction, but on Days 2 and 3 the 
$min., interval groups show greater 
istance to extinction (Table 3). 
While the interactions involved do not 


379 


tinction responses in the first session 
is a complex one. The superiority 
in number of responses appears to 
hold only at small volumes and to be 
increased by deprivation (Fig. 3). 
The slope of the initial rate-concentra- 
tion function is a decreasing function 
of interval (Fig. 1). This relation 
is very rapidly contaminated by 
consummatory and postingestive ef- 
fects. As can be seen in Fig. 3, the 
greater resistance to extinction of the 
long-interval groups at large volumes 
confounds this relation in extinction, 
with the large-volume long-interval 
groups showing the greatest resistance 
to extinction. Neither the present 
study nor the Collier and Myers 
(1961) study yields any evidence of 
an interaction of volume and interval 
for initial rate, although there is a 
substantial one over the course of a 
session as will be noted later. 

Initial rate is an increasing function 
of deprivation. Of greater novelty 
and more interest are its interactions. 
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Fic. 3. Total number of BP in first extine- 
tion session as a function of concentration 
(4%, 16%, 64%), volume (.1 and .3 ml.), 
interval (1 and 4 min.), and deprivation 
(Land H): — Shes 
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TABLE 2 


ANALYSIS OF VARIANCE OF TOTAL NUMBER 
or BP IN THE THREE EXTINCTION 


SESSIONS 
Source af MS F 
Between Ss 143 | 4,789.7 
Volume (V) 1 | 6,896.0 | 2.35 
Concentration (C) 2 | 68,377.3 | 23.38" 
Interval (I) 1 46.7 202 
Deprivation (D) 1 |106,220,1 | 36.32% 
VXC 2 | 4,702.7 | 1.60 
VXI 1 | 8497.8 | 2.90 
VXD 1 (327.3 ATi 
Cer 2 | 1,974.9 268 
CXD 2 |25,303.6 | 8.65* 
TxD 1 | 1,095.7 37 
v xc xD 2 | 2,622.0 190 
Vv XC XI 2 | 1,714.8 159 
Vv XIxD 1 690.1 24 
Cc XLXD 2 409.7 4 
VXCXIXD 2 699.6 124 
Error (b) 120 | 2,919.6 
Within Ss 288 | 1,440.9 
Extinction 
Sessions (E) 2 |104,480.7 | 300.59%* 
V XE 2 | 2134.9 | 6.14% 
C XE 4 | 11,3706 | 32.71% 
D XE 2 | 17,974,7 | 51.71% 
IXE 2 | 2,428.5 | ` 6.98** 
VXDXE 4 615.9 | 1.77 
V XLXE 2 758.1 | 2.18 
Vv XD XE 2 635.7 | 1.82 
C XIXE 4 319.4 192 
Cc XD XE 4 | 4,706.8 | 13.54%" 
IXD XE 2 899.6 | 2.58 
VXC XIXE 4 428.6 1.23 
VXCXDXE 4 179.9 -52 
VXDXIXE 2 674.2 1,93 
Cc XLXD XE 4 162.3 :47 
VXDXI 
XD XE 4 114.1 33 
*P < 05, 
“PpS Ol, 


The interactions between concentra- 
tion and deprivation and interval and 
deprivation (for initial rate) reach 
significance while that for volume and 
deprivation does not. The slope of 
the rate-concentration function is an 


GEORGE COLLIER AND FRANK N. WILLIS 


200, 
175 
150 
125) 
100) 


75 
50 
25 5 H 

(0) 


TOTAL BP 


4 6 64 4 16 64 


CONG. 


Fic. 4. Total number of BP in first ex- 
tinction session as a function of concentration 
(4%, 16%, 64%), volume (.1 and .3 ml.), 
and deprivation (L and H). 


increasing function of deprivation 
(Fig. 1, 2, 3, and 4). The course of 
this relation over extinction sessions 
is shown in Table 3. Table 3 further 
shows that the rate-volume functions 
for high and low deprivation 4:2 
essentially parallel.2 The effect of 
increasing deprivation on the rate- 
interval relation is to increase the 
slope of the rate-interval function. 


2This finding has been verified in ou 
laboratory in a recent study employing 4 
wider range of volumes and using water or 
reinforcement. 


TABLE 3 


Torar NUMBER or BP IN EXTINCTION AS A FUNCTION OF INTERVAL, 
CONCENTRATION, AND VOLUME 


Extinction | Deprivation lnia Concentration Volume 
Session Level 
1Min. | 4Min. 4% 16% 64% 1 ml. 3 mli 
1 23 hr. 102.6 49.3 107.7 99.3 122.6 
3 hr. 54.9 ‘ 7 | 176.2 f Be 
: m 38.9 56.2 68.7 49.4 a 
r. 57.5 33.0 52.6 82.3 54.0 51. 
3hr. 339 | 255 32.2 30.6 | 29.6 35.7 
3 23 hr. 41.6 19.8 39.0 
. $ 40.8 3. 37.0 
3hr. 28.3 | 214 22.3 28 22.7 25.1 
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Fic. 5. Number of BP ineach 5 min, of reinforced BP as a 
16%, 64%), volume (.1 and .3 ml.), and deprivation 
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40 


function of concentration (4%, 
(L and H) for 1-min. FI. 
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Fic. 6. Number of BP in each 5 min. of reinforced BP for concent 
volume (.1 and .3 ml.), and deprivation (L and H) for 4-1 


ration (4%, 16%, 64%), 
min. interval. 
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TABLE 4 


AVERAGE NUMBER OF REINFORCEMENTS TAKEN AND TOTAL Amount or 
SuGar CONSUMED 


3-Hr. Deprivation 


23-Hr, Deprivation 


Volume Interval 
4% 16% 64% 4% | 16% | 64% 
Ps | 

„1 ml. 1min. |/26;1 (.10) | 29.2( .50) 28.6(2.40) | 29.3(.12) 29.7( .50) 29.9 (2.51) 
4min. || 7.1(.03) 7.6( .13)] 7.8( -65)| 7.4(.03) | 8.0( -14) | 8.0( .67) 
3 ml, 1 min 21.2(.25) 29.8(1.52) 16.3 (4.10) 29.0(.35) | 29.9 (1.52) 29.0 (7.29) 
4 min. 7.8(.09) 6.8( .35) 7.1(1.78)| 7.1 (.09) | 8.0( .41) | 8.0 (2.00) 
—Thi -min, i -min, hedule. 4% = .040 
m/m; 1676 E 170 repent, were possi a ak Ca Ga reps ace sown in 


parentheses, 


There is little) or no difference in 
rates between the 1-min. and 4-min. 
intervals at low deprivation while the 
initial ratelisThighest for the 1-min. 
interval at high deprivation. This 
relation is preserved only for the .1- 
ml. volume in extinction. As previ- 
ously mentioned, no significant dif- 
ferences in rate of responding for the 
two intervals occur at the .3-ml. 
volume in extinction, 

Terminal rate.—Maximal within-ses- 
sion declines in rates of responding 
occur under two conditions: combina- 
tions of low concentrations, small 
volumes, and long intervals: and 
combinations of high concentrations, 
short intervals 
(Fig. 1. See also Collier & Myers, 
deprivation on 
these relations can best be seen from 
Present the per- 
centage of total number of responses 
Occurring in each 5-min. interval for 
the last day of the 1-min, interval 
data and the 4-min. interval data, 
respectively, 

It can be seen by examining the 
shifting relation between rate of 
decline and volume across concentra- 
tions, that for the 4% sucrose the 
largest volumes (which still result 
in a small load of solute) result in the 
least within-session declines (irre- 


spective of deprivation); for 16% 
concentration the largest volume, 
yielding three times the load of solute 
(Table 4), shows a more rapid within- 
session decline (relatively independ- 
ently of deprivation); for 64% su- 
crose, the largest volume produces 
the greatest within-session decline, 
and the low deprivation, the most 
rapid decline. Tt is interesting to 
note that for this latter group, at .1 
ml. per reinforcement, the rate and 
amount of solute loaded is the same 
for both the high and low deprivation 
Conditions (Table 4). Thus, the 
relative ability of a given load above 
a certain value to “shutoff” re- 
Sponding is less the greater the 
hunger, 
í Dīscussron 

In summary, the preceding data show 
that initial rate is a linear increasing 
function of log concentration of sucrose 
and that the slope and intercept (thresh- 
old rate of response) of this function 
are jointly determined by the interval 
etween reinforcements, the volume per 
reinforcement, and the level of depriva- 
tion. Each of these variables produces 
a family of diverging rate-concentration 
functions. The intercept of the initial 
Tate-concentration function is an par 
creasing function of volume and depriva- 
tion, and a decreasing function of inter- 
val. Both the BP data and the extinc- 


‘interacts with 
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tion data (free of ingestive and post- 
ingestive effects) show that deprivation 
concentration but not 
with volume. Instead, for volume, a 
series of parallel rate-volume functions 
results when deprivation is varied. The 
effect of deprivation on interval is to 
increase the difference in rates of re- 
sponding at different interreinforcement 
intervals, Declines from the initial 
rate occur as functions of two classes of 
events, the number of ingestive responses 
made and the colligative properties 
(osmotic pressure, etc.) of the momen- 
tary gastric load. The decline in rate as 
a function of the number of responses 
(i.e minimal reinforcement conditions) 
is a decreasing function of concentration 
and appears to be little affected by vol- 
ume (amount of ingestive activity) or 
deprivation while the decline in rate as 
a function of momentary gastric load is 
a joint function of the amount of solute 
consumed and the state of deprivation. 
Differential declines in rate as a function 
of these variables are responsible for the 
nonmonotonicity of all but the initial, 
Tate-concentration functions. Variations 
in the character of a reinforcement are 
Teflected in variations in the performance 
of the behavior of which it is a conse- 
quent. Examination of the temporal 
Course of this relation has led to the 
view that there are at least two loci 
for these rate governing variables, the 
proximal reinforcing stimuli and the 
Immediate postingestive concentration. 
The results of the present study show a 
to-be-expected third locus of a rate 
governing event—the nutritive state of 
the organism. Momentary rate of food 
Teinforced responding is an increasing 
function of the hours of food deprivation. 
wo possible points in the ingestive 
chain where deprivation may exercise 
its effects are examined in the present 
study: (a) the relation between the 
Sensory consequences and rate of re- 
Sponding, and (b) the relation between 
Tate of shutoff and momentary load. 
Considering, first, the effects of depri- 
vation on rate of shutoff, there are two 
Sets of variables to be considered, the 
ingestive responses and the gastric load. 
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The occurrence of a  within-sessions 
decline in rate of responding under 
conditions of minimal reinforcement 
indicates that occurrence of a response 
leads to a decrement in response likeli- 
hood. The fact that the same level of 
responding is maintained from session to 
session precludes an explanation in terms 
of extinction, and the small gastric 
load involved precludes an account in 
terms of satiation. It may perhaps be 
denoted as response habituation (Collier 
& Myers, 1961). As would be expected, 
it is insensitive to deprivation. Rate of 
shutoff, excluding the minimal rein- 
forcement conditions, is a joint function 
of concentration, volume consumed, and 
deprivation. The interaction of the 
first two of these variables suggests that 
tonicity is the variable involved. That 
volume itself is not sufficient to produce 
a decline is apparent from the 4% and 
16% groups. At high concentrations 
the effect of volume is greater, The 
volume effect may simply reflect local 
dilution. This view is supported bythe 
contrast between the 16% and 64% 
groups. 

Sixteen percent sucrose is close to 
tonicity (approximately 9% in the rat 
for sucrose) and this is reflected in the 
fact that neither volume per reinforce- 
ment nor interval between reinforce- 
ments, as reflected in the load taken 
on in 20 min., is very effective in the 16% 
groups in producing differential declines 
in rate of responding. How deprivation 
exercises its effect is not clear from 
the present study. Two alternatives 
are that (a) deprivation modifies the 
proportionality relation between rate of 
responding and the tonicity of the gastric 
load, or (b) that it does not have an 
effect on this relation and the effect 
observed results from the fact that at 
3-hr. deprivation sufficient residual gas- 
tric load from previous feedings is 
present to interact with the current load. 
The latter conclusion is suggested by 
the results of the 16% group which again 
show little effect as the result of different 
deprivations. 

Of the three sensory parameters ex- 
amined (volume, concentration, and 
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interval) deprivation appears to interact 
with only the latter two. The slopes 
of the initial rate-concentration and 
initial rate-interval functions are in- 
creasing functions of deprivation while 
the slope of the initial rate-volume 
function is not. 

The effects of deprivation and vol- 
ume are additive, while those of con- 
centration and deprivation and interval 
and deprivation are multiplicative. Thus 
it appears that deprivation exerts its 
influence on the rate of ingestion via 
an effect on the relation between the 
intensity of the reinforcing stimulus and 
the rate of performance of the rein- 
forced response. Volume does not 
change the intensity of stimulation, and 
therefore, changes in deprivation should, 
on this view, result in a family of parallel 
rate-volume curves. At small volumes, 
where dilution may play a major role, 
volume and concentration interact in a 
fashion similar to the intensity-area 
functions (Collier & Myers, 1961). An 
account of the interval-deprivation inter- 
action is not obvious. The times in- 
volved are too long for summation in the 
ordinary sense. Tf it is assumed that 
adaptation is Proportional to intensity, 
then the effect observed could result 
from the greater recovery from adapta- 
tion at the long intervals, 

An attractive hypothesis has been 
that deprivation lowers the absolute 
gustatory thresholds (e.g., Campbell & 
Sheffield, 1953; Hebb, 1955). The 
diverging rate-concentration functions 
having a common origin obtained in the 
present study do not support this con- 
jecture. If rate of responding is equated 
with sensitivity, the present data are 
consistent with the hypothesis that dif- 
ferential gustatory thresholds are modi- 
fied by deprivation; i 
reasonable to assume that rate and 
sensitivity are not equivalent and that 
the proportionality relation between 
intensity of stimulation and rate of 


Such an assumption 
such ‘preference threshold data as those 
of Campbell (1958). 
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which investigated the percentage of 
times that S will drink more of one 
concentration when compared with a 
second concentration or with water, 
Campbell found lower absolute and dif- 
ferential preference thresholds with in- 
creasing hours of deprivation. Although 
these results involved both sensory and 
postingestive factors, it seems that they 
are mainly the result of differential 
initial rates of responding and of dif- 
ferential rates of shutoff for the pairs of 
solutions compared and thus the result 
of changing proportionality between 
rate and intensity rather than changing 
thresholds. 


SUMMARY 


The relations between initial and terminal 
rate of bar pressing and concentration, vol- 
ume per reinforcementhand interval between 
reinforcements were explored as functions 
of deprivation. The slopes of the initial rate- 
concentration and initial rate-interval func- 
tions were functions of deprivation while the 
initial rate-volume function was not, The 
rate of “shutoff” was most sensitive to de- 
privation at large concentrations, large 
volumes, and short intervals. Three inde- 
pendent loci of events controlling food inges- 
tive behavior were suggested: the proximal 
reinforcing stimuli, the momentary post- 
ingestive load, and the nutritive state. 
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PROBABILITY LEARNING IN 1000 TRIALS! 
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University of Michigan 


This paper reports a simple two- 
alternative noncontingent probability 
learning experiment with an uncon- 
ventional feature: each S made 1000 
consecutive predictions, making pos- 
sible very detailed analysis of re- 
sponses which occurred after learning 
was essentially completed. 

Some abbreviations will be useful. 
The S predicts either L or R; after 
each prediction he observes either 1 
orr. The probability that S will make 
prediction L on trial ¿+1 will be 
called p, The probability of 1 on 
any trial is a constant for any given 
S; it will be called m. The occurrence 
of a prediction will be called a re- 
sponse; the occurrence of a display 
of an event following a response will 
be called an outcome. An outcome 
follows each response; the nature of 
the outcome is independent of the 
Nature of the response. 

The interpretation of this experi- 
ment will focus on three issues: 


1. The probability matching hypothesis. 
‘The probability matching hypothesis 
(PMH) asserts that the asymptotic 
Probability of choice, pe (Po = lim pri 

bon 


it is assumed that this limit exists) 


1 This research was supported in part by 
the Operator Laboratory, Air Force Personnel 
and Training Research Center, and in part by 
Project MICHIGAN under Department of 
the Army Contract DA-36-039-SC-78801, 
administered by the United States Army 
Signal Corps. Reproduction for any purpose 
Of the United States Government is permitted. 

am grateful to L. W. Dildy and J. L. 

cDade for collecting and processing data, 
to W. H. Evans for writing computer pro- 
grams, and to Carol J. Orwant and G. C. 

Orningstar for additional data processing. 


equals 7. It was originally proposed 
by Grant, Hake, and Hornseth (1951), 
is predicted by the Estes learning model 
(Estes, 1950, 1957; Estes & Burke, 
1953; Estes & Straughan, 1954) and 
by the equal-alpha case of the Bush- 
Mosteller learning model (Bush & Mos- 
teller, 1955), and has been supported by 
a number of experiments, though not by 
others. 

2. The extreme-asymptote generaliza- 
tion. In 1956 I reported an experiment 
which argued against PMH and in favor 
of a theory about pẹ which I call the 
extreme-asymptote generalization. That 
generalization asserts that p, is more 
extreme than r, and as the absolute 
value of the difference between m and 
0.5 increases the difference between pa 
and m also increases until pẹ be- 
comes 1 or 0. As stated, this hypothesis 
makes only ordinal predictions; a way 
of making it yield ratio scale predictions 
(and also of applying it to situations in 
which amount of payoff is varied) is 
discussed in Edwards (1956) and applied 
later in this paper. 

3. Sequential dependencies, the gamb- 
bler's fallacy, and path independence. 
Stochastic learning theories often assume 
that the effects of events prior to a given 
trial are summarized in a set of prob- 
abilities for the responses available on 
that trial; this assumption is known 
as the path independence assumption 
(for a better definition, see Bush & 
Mosteller, 1955, p. 17). Contradictory 
to this is the common observation that if 
a flipped coin comes up heads eight or 
nine times in a row, S is likely to decide 
that tails is “due” and so predict or bet 
on it on the next toss. This and similar 
sequential effects have been called the 
gambler’s fallacy ; they have been demon- 
strated experimentally by many Es, 
Other hypotheses about sequential ef- 
fects in probability learning have also 
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been proposed, with varying degrees of 
empirical support. 


Adequate study of each of these 
issues depends on long experiments; 
the reasons why will be examined 
in the discussion section. Both PMH 
and sequential dependencies are harder 
to examine at more extreme prob- 
abilities than at less extreme ones. 
So this experiment used only the 
probabilities 0.5, 0.6, and 0.7 and 
their complements. 


METHOD 


Apparatus —Each S was given a tray 
containing {2 IBM mark sense multiple 
choice answer sheets, On top of the stack 
of sheets was a covering board with 80 pairs 
of holes in it, each hole filled by an ordinary 
cork, Each hole exposed two adjacent spaces 
where a mark could be made on the answer 
sheet. The mark sense sheets were prepared 
in advance by filling in one of the two mark 
spaces under the right-hand hole of each 
pair. 

Subjects —The Ss were 120 basic airmen, 
trainees at Lackland Air Force Base. They 
Were unselected except that no S who fell 
in Category 4 (the lowest category) of the 

ed Forces Qualification Test, a paper- 
and-pencil test of general intelligence, was 
used, But the Population of basic airmen 


d except 
those by Neimark and Shuford (1959) BA 


corks, and saw whether his prediction had 
After this, he 
replaced both corks, lifted the cork immedi- 
ately beneath the first one he had lifted, and 
made his next prediction, i 
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instructed: “Your purpose is to get as many 
predictions correct as Possible. You will not 
be able to get all of them correct at any time 
during the test. There is no pattern or system 
you can use which would make it possible to 
get all of your answers correct. But you will 
find that you can improve your performance 
in the test if you pay attention and think 
what you are doing.” 

Experimental design.— There were 12 groups 
of 10 men each; each S made 1000 binary 
predictions in one unbroken sess on, usually 
lasting about 3 hr. The Ss came in groups of 
12; each S was arbitrarily igned to one of 
the experimental groups, welve Ss and E 
sat at a long conference table; E monitored 
continuously to make sure that all Ss fol- 
lowed instructions and kept at the task. 
No effort was made or needed to pace Ss, 
Each S present at a given time was a member 
of a different experimental group from all 
others then Present, so no S could profit 
from looking at another S’s predictions, 

Three basic probabilities were used: 0.5, 
0.6, and 0.7. These numbers are the prob- 
abilities that a prediction of left will be 
Correct. Sequences of 1000 trials embodying 
these probabilities were prepared in two dif- 
ferent ways, which this paper will call con- 
strained and random. All constrained se- 
quences were prepared as follows. First, the 
expected number of occurrences of runs of 
ISCREH DON. | n for each of the two 
alternatives was calculated, up to a value of 
n for which that expected number is less than 
0.5. All numbers were rounded off to integers. 
The runs of 1 were put in one box, the runs 
of r were put in another, and runs were drawn 
at random from the two boxes alternately 
until both were empty. This procedure makes 
not only run lengths but also conditional, 
probabilities (based on sequences which are 
short compared with n) come out at their 
expected values. The random sequences were 
simply chosen from a table of random num- 
bers in accordance with their probabilities, 
with no constraints at all. 

Three probabilities and two ways of pre- 
Paring sequences require six sequences. Six 
more Sequences, each a mirror image of one 
of the six original sequences, were also used. 

e mirror image sequences were prepared by 
substituting an I for each r and an r for each 

€ of these 12 sequences was adminis- 
tered to each of the groups; all Ss in a group 
got the same sequence, 


RESULTS 


Asymptotic probabilities —F igure 1 
shows mean relative frequencies of 
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choice by blocks of trials. Each data 
point represents 40 binary choices 
by each of 10 Ss, or 400 binary choices 
inall. In each of the eight groups for 
which the probability of reward is 
not 0.5 and so for which PMH and 
the extreme-asymptote generalization 
make different predictions, the results 
support the extreme-asymptote gen- 
eralization. Inspection of the 50-50 
groups suggests that there is a bias in 
favor of the R response (which is sur- 


CONSTRAINED 


07 


a BA 
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prising, since for a right-handed S the 
L response is a trifle easier to make), 
but the bias is not large enough to 
affect the finding. 

Inspection of Fig. 1 indicates that 
Ss tended to follow local changes in 
the probability of reward. A local 
increase in frequency of | events 
produces a local increase in frequency 
of L predictions, and similarly for 
decreases. This effect is superim- 
posed on the slower and larger changes 
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f TRIALS IN 40-RESPONSE BLOCKS 


Fic. 1. Probability of left response in 40-tria 
rectangle is the x for that group, as is also the thin 


i H ines i juency of o 
data point connected with solid lines is the BEN fay ach point connected with dashed 


left event actually occurred in that block of 40 


block of trials; each point is based on 400 bin 
hes is the relative frequency with which the 
trials.) 


1 blocks. (The number at the top of each 
horizontal line within each rectangle. Each 
prediction of left on a given 
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TABL. 
PERCENTAGE OF PREDICTIONS OF LEFT 
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Eit 
ON Last 80 TriALs ror Eacu S N or 


IN A 50-50 Group 
Ps 7 =04 n r =0.3 
Tim0,7, nene (Mirrors of 0.6 Groups) | (Mirrors of 0,7 Groups) 
Constrained | Random | Constrained | Random | Constrained Random | Constrained | Random 
100% 100% 16% 91% 48% 49% 26%, 26% 
97° 93 shee ire 90° 47° 43 20 20 
96 88 70 85 46 40 17 13 
95 88 69 81 43 35 12 13 
91 87 66 17 43 31 11 13 
85 85 64 74 31 26 8 13 
80 80 64 71 29 21 4 11 
75 65 61 63 22 16 4 8 
70 60 59 1 20 15 0 0 
58 56 46 56 0 11 0 0 
Note.—T tcomes in the last 80 trial 
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in prediction with which PMH and 
the extreme-asymptote generalization 
are concerned. 

Finally, inspection of Fig. 1 indi- 
cates that the difference between con- 
strained and random sequences is 
relatively unimportant except for the 
fact that constrained sequences come 
out more nearly to the expected 
number of I’s and r’s in each block of 
trials, and so provide slightly less 
Scope for the probability following 
phenomenon discussed above to be- 
come visible, 

A significance test for the difference 
between the estimated p, and r is 
desirable. Table 1 exhibits the per- 
centage of choices of L on the last 80 
trials for each S, omitting 50-50 
groups. Only 16 Ss out of 80 have 
estimated p,, equal to or less extreme 
than 7. If PMH were correct, at 
least half the Ss should have estimated 
Ża equal to or less extreme than 7, 
The difference is significant beyond 
the .0001 level. Table 1 also makes 
it clear that the distribution: of esti- 
mated p, is not bimodal; indeed, it 
looks relatively normal. That fact 
permits the use of more sensitive 


ined group, 0.74 for the 


parametric tests of significance—but 
the results of the nonparametric test 
given above makes the use of more 
sensitive tests unnecessary. 

Since so many data were collected, 
a number of the variables and inter- 
actions not mentioned here were in 
fact statistically significant; this dis- 
cussion has dealt with all which are 
believed to be also intelligible and 
important. All subsequent statistics 
will combine corresponding random 
and constrained groups and will com- 
bine all 50-50 groups. Each statistic 
was calculated Separately for each of 
the 12 groups; in no case does the com- 
bining average numbers or functions 
which appeared dissimilar. 

Sequential effects: Information anal- 
ysis—To study the determiners of 
responses in a more specific way than 
Fig. 1 permits, detailed examination 
of sequences of responses and out- 
comes is necessary. For this purpose, 
multivariate information transmission 
analysis (Garner & McGill, 1956; 
McGill, 1954) is exceptionally con- 
venient. The model underlying the 
use of this statistic assumes stable 
conditional probabilities; the analysis 
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avoided basing calculations on chang- 
ing overall probabilities by using only 
the last 480 trials. Special attention 
to the nonorthogonality of predictor 
variables and to the choice of proper 
degrees of freedom for the Miller- 
Madow (1954) bias correction and 
significance test was necessary; for 
a discussion of these issues and related 
ones concerning the application of 
information statistics to sequences of 
responses, see Edwards (1954; in 
press). 

Figure 2 shows the effect of taking 
increasingly remote predictor vari- 
ables into account in predicting re- 
sponses in the last 480 trials. (In all 
information calculations, no differ- 
ences worth noting existed between 
original and mirror groups, so they 


are combined in Fig. 2 and 3.) Note: 


that the y axis is the percentage 
of information in the responses not 
accounted for by the predictor varia- 
bles considered. It is evident that 
although increasing numbers of pre- 
dictor variables improve predictions 
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FIG. 2. Percentage of total response in- 
formation unexplained by various predictor 
Variables. (The x axis is cumulative. At 
Step 0, only Ss are used as predictor variables. 
At Step 1, Ss and the immediately preceding 
Outcome are used. At Step 2, the variables 
already listed and also the immediately 
Preceding response are used. At Step 3, 
the variables already listed and also the second 
Preceding outcome are used. And so on. 
Only the last 480 trials were used.) 
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16, 


Amount of Information in Bits 


o 1 2 3 
Number of Previous Trials 


Fic. 3. Amount of information in bits 
transmitted by preceding trials to the present 
response. (The Ss and trials which intervene 
between the predictor trial and the predicted 
response are held constant. Only the last 
480 trials were used.) 


(amathematical necessity), theasymp- 
totic level of predictive effectiveness 
leaves about 75% of the response 
information unexplained. If these 
numbers were variances, this would 
seem like a very large amount of 
unexplained variance. But they are 
not variances; they are ratios of bits 
of information. Users of multi- 
variate information transmission anal- 
ysis always report large percentages of 
unexplained response information; in 
fact, experiments in which as much 
as 25% of response information is 
explained by predictor variables are 
very rare (except in psychophysical 
scaling). No formal discussion of 
this common finding is known, but an 
obvious hypothesis is that the loga- 
rithmic nature of the information 
measure accounts for this difference 
between information and variance 
analyses. : 
Figure 2 shows how much predic- 
tion can be done, but does not show 
how to do it. In order to get a better 
idea about that, consider Fig. 3. It 
shows the amount of information 
(in bits, not a ratio) transmitted to 
the present response by the pre- 
ceding three trials (calculations for 
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the second and third preceding trials 
hold what happened in intervening 
ones constarit). Again calculations 
are for the last 480 trials only. It is 
apparent that the most information 
is transmitted by the immediately 
preceding trial, and lesser amounts 
by trials prior to that. All amounts 
of information in Fig. 3 are signifi- 
cantly different from zero by the 
Miller-Madow test (1954), 

What is doing the transmitting 
from each trial to the present re- 
sponse? It could be responses, out- 
comes, interactions between them, 
or any combination of these three 
factors. Unfortunately, the inter- 
actions between responses and out- 
comes: are not directly interpretable 
because of the nonorthogonality of 
the predictor variables. Figure 2 
is based on a definition of outcomes 
as being | or r; call this noncon- 
tingent coding. It would also be 
possible to define outcomes as + or 
— (meaning in agreement or disagree- 
ment with the preceding prediction) ; 
call this contingent coding. Further 
analysis of the data using noncon- 
tingent coding shows that almost all 
information transmitted by a trial 
is transmitted by its outcome; the 
amount of information transmitted 
by responses is trivial (though signifi- 
cant; because of the large numbers 
of responses involved, just about all 
differences which are observable at 
all are significant in this experiment). 
The implication, a sensible one, is 
that Ss pay little or no attention to 
their own previous responses and 
instead concentrate on the previous 
set of outcomes in determining their 
present response. 

Of course, similar analysis applied 
to contingently coded data shows 
that almost all information trans- 
mitted by a trial is transmitted by its 
response; this is an inevitable conse- 
quence of the fact that a + or — is 
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TABLE 2 


INFORMATION IN Bits TRANSMITTED FROM 

PREVIOUS RESPONSE TO PRESE 

SPONSE BY THREE METHODS OF 
CALCULATION 


— 
| . 
Analysis 
0.5 | 0.6 | 0.7 
Intervening outcome ignored | 024 | .040 | .016 
Intervening outcome held 
constant, noncontingent coding | .031 | .045 | .020 
Intervening outcome held _ | 
constant, contingent coding «104 | 131 | .058 
| 


meaningless as a predictor variable 
unless the preceding response which 
defines it is also considered. So two 
different methods of coding the data 
lead to two different interpretations 
of the results. A decision between 
these interpretations would require 
examination of the interactions, and 
nonorthogonality rules out the obvi- 
ous ways of doing so, But a stab at 
it is available. If only the trial 
immediately preceding a response is 
considered, then the information trans- 
mitted from the response and in- 
formation transmitted from the out- 
come should be orthogonal to each 
other. The information transmitted 
from the response can be calculated 
two different ways: with the effect 
of the outcome partialled out, or with 
the effect of the outcome uncontrolled. 
Table 2 presents the results of these 
two methods of calculation for each 
method of coding. No substantial 
difference between methods of calcu- 
lation appears unless the method of 
coding forces it to appear by making 
the outcome variable taken by itself 
meaningless. For that reason, this 
Paper used the noncontingent method 
of coding, and will accept the con- 
clusion that Ss are much more con- 
cerned with previous outcomes than 
with their own previous responses: 
Conclusive resolution of the dilemma, 
however, would require a three- 
alternative experiment, in which case 


contingent and noncontingent coding 
would not in general lead to the same 
amounts of information transmission. 

Sequential effects: Run analyses.— 
The information statistics presented 
above examine sequential effects in 
a manner which assumes that the 
extent of sequential dependency is 
independent of the particular se- 
quence considered. Clearly that as- 
sumption can be only a first approxi- 
mation. The literature suggests that 
one kind of past history is especially 
likely to lead to sequential effects: 
homogeneous runs of previous out- 
comes. Rather than examine such 
tuns by information methods, it is 
easier to examine conditional prob- 
abilities based on them directly. 
Figure 4, again based on the last 480 
trials only, shows the conditional 
probability (multiplied by 100) that 
L will be predicted given each possible 
Preceding homogeneous outcome run 
of length eight or less. The data do 
hot permit these probabilities to be 
estimated for longer runs with ac- 
Ceptable accuracy. An example may 
make the interpretation of the x 
axis easier. The value 4 on the right 
Tun side of the x axis means, for 
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Fic. 4. Percentage of left responses fol- 
Owing homogeneous outcome runs. (The x 
Axis indicates the number of left or right out- 
Cotes included in the run for further ex- 
Planation, see text. Only the last 480 trials 
Were used.) 
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Fic. 5. Percentage of left responses fol- 
lowing homogeneous outcome runs for 50-50 
group Ss only. (The axes have the same 
meaning as those in Fig. 4.) 


example, that the points plotted above 
it are conditional probabilities of pre- 
dicting L given that the last five out- 
comes preceding the prediction were 
Irrrr. (Note that one actually knows 
five preceding outcomes, not four, 
since the outcome preceding a homo- 
geneous outcome run of r must 
necessarily be l, and vice versa.) 
Figure 4 justifies the conclusion that 
outcome runs of length up to four 
certainly influence responses, and so 
indicates that for at least some past 
histories the extent of sequential 
dependencies is longer into the past 
than the information analysis taken 
alone would suggest. But the nature 
‘of the dependencies is that the longer 
an outcome run gets, the more likely 
S is to predict that outcome. What 
happened to the gambler’s fallacy? 
Most experiments which have found 
gambler’s fallacies used fewer trials 
than this one. Perhaps the gambler’s 
fallacy is a phenomenon of early 
trials and vanishes later. If so, 
strictly speaking no run curves like 
those in Fig. 4 are appropriate to use 
in studying it during early trials, 
while response probabilities are chang- 
ing rapidly. But it is reasonable to 
assume as a first approximation that 
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at least for the 50-50 groups the over- 
all probabilities are not changing 
very fast, and so curves like those in 
Fig. 4 can be based on early trials for 
those groups. Figure 5 presents such 
curves for Trials 1-200, 201-400, 
and 401-1000 for all 50-50 Ss. A 
small gambler’s fallacy, much smaller 
than any previously reported, ap- 
pears in the first 200 trials; there- 
after the pattern of run effects sys- 
tematically shifts in the direction 
of those found in Fig. 4. 


Discussion 


Probability matching.—In 1956 I re- 
viewed all experiments relevant to a 
narrow definition of PMH published 
up to that time (Edwards, 1956, pp. 
184-185). Only experimental groups 
in which the two outcomes were mutually 
exclusive and exhaustive, in which 
Successive outcomes were independent, 
in which was not 0, 0.5, or 1, and in 
which S had had no previous experi- 
mental experience with a different value 
of m were considered. Of 11 groups 
meeting these conditions, only 1 had 
an estimated pẹ which was equal to or 
less extreme than m. In the other 10 
groups, po was always more extreme 
than m. The differences were small, but 
they were all in the same direction, 

Of experiments containing relevant 
groups published since then, those by 
Gardner (1957), Cotton and Recht- 
schaffen (1958), and Nicks (1959) are 
Inconsistent with PMH; those by Nei- 
mark (1956), Engler (1958), Neimark 
and Shuford (1959), and Rubinstein 
(1959) support PMH. No probability 
learning experiments (as here narrowly 
defined) reviewed in 1956 or published 
since then used more than 300 trials at a 
fixed probability except those by Gard- 
ner (1957), Cotton and Rechtschaffen 
(1958), and Nicks (1959), all three of 
which are inconsistent with PMH. 
Figure 1 indicates that in this experi- 
ment probabilities of choice were still 
becoming more extreme at Trial 300 and 
beyond. Longer experiments at fixed 
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m values might perhaps have produced 
fewer acceptances of PMH. 

Why did PMH, at best dubiously sup- 
ported by experimental data, achieve 
such widespread acceptance as a well- 
established truth? Three reasons seem 
plausible. First, it is a good first approxi- 
mation to the truth. It is more nearly 
correct than the assertion that pẹ = 0,5 
for any value of m, or that p,=1 
whenever v is greater than 0.5. Further- 
more, it is predicted by some (not all) 
stochastic learning models, which them- 
selves are good first approximations to 
the truth. Secondly, few experiments 
have run enough trials to obtain a 
reasonable estimate of pẹ. Inclusion of 
trials on which p; is still changing sub- 
stantially as a function of ¢ in estimates 
of p will, of course, produce estimates 
of pa which are less extreme than they 
should be, and so come closer to sup- 
porting PMH than they should. (The 
use of cumulative relative frequency as 
an estimator of pe, as in Estes [1957], 
will of course bias the estimates in favor 
of PMH still more.) Finally, the custom 
of obtaining an estimate of p,, and testing 
the null hypothesis that that estimate 
is not significantly different from T is 
widespread in the probability learning 
literature (and was done in this paper). 
Such a procedure constitutes attempting 
to prove a null hypothesis; the smaller 
the amount of data or the greater its 
variability, the more likely it is that such 
a procedure will “confirm” PMH. This 
is why the small but consistent disagree- 
ments with PMH revealed by most 
Probability learning experiments have 
not been noticed. 

The RELM rule—The extreme-asymp- 
tote generalization is not very specific. 
The data from the previous experiment 
and from this one are consistent with 4 
much more specific hypothesis called the 
Relative Expected Loss Minimization 
(RELM) rule (Edwards, 1956, pp. 182° 
185). That rule includes but goes beyon 
the extreme-asymptote generalization, 
and is applicable to a wide variety © 
experiments, For this kind of experi- 
ment, the linear form of that rule pre 
dicts that pọ = 0.5 + K (4r — 2), where 
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K is a fitted constant greater than 
0.25. The size of K presumably varies 
with motivational and other character- 
istics of the experimental design. A 
least squares fit shows that for the data 
obtained in this experiment K = 0.395. 

Sequential effects —The surprise in this 
experiment is the weakness of the gam- 
bler’s fallacy found, and its disappear- 
ance in later trials. Nicks (1959), 
Anderson (1960), and Anderson and 
Whalen (1960) found much larger gam- 
bler’s fallacies in appropriate groups; in 
fact, Anderson found gambler’s fallacy 
effects even when his sequences were 
designed so that the probability of an 
outcome repetition was higher than it 
would have been had successive out- 
comes been independent. (Jarvik [1951] 
also found large gambler’s fallacies, but 
his experiment was so designed that they 
were not at all fallacious.) But this 
experiment does not stand alone; Feld- 
man (1959b) found no gambler’s fallacy 
at all in his 200-trial experiment. 

_ No real explanation of this divergence 
in presumably similar experiments is 
apparent. It is possible, however, that 
the relative inconvenience of the re- 
sponses in this experiment served to 
increase the monotony of what was in 
any case an exceedingly monotonous 
task. The gambler’s fallacy is in a sense 
a highly intellectual response. The S 
must have some idea of what probabili- 
ties are and also must to some degree 
keep track of several preceding outcomes 
in order to exhibit it. For this non- 
college population boredom may reduce 
the amount of intellectual effort applied 

- to the task below the level necessary 
to sustain a gambler’s fallacy. 

The gambler’s fallacy is important 
because it is inconsistent with most rein- 
forcement theories. Bush and Morlock? 
have formulated a general conditioning 
axiom which in effect asserts that gam- 
bler's fallacies cannot occur. They have 
Proposed a procedure for examining run 
effects different from that used in Fig. 

_ 4and 5; they examine only the responses 
and outcomes included in outcome runs 


2Bush and Morlock, personal communi- 
cation, 
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of a specified length (or longer). These 
data were analysed by their method 
for Run Lengths 5 and 7. The results 
were essentially similar to those in Fig. 
4 and 5, but the greatly decreased num- 
ber of observations per point resulted 
in a considerable decrease in stability. 
The evidence about the general condi- 
tioning axiom from this experiment 
remains ambiguous. 

Hypothesis-testing behavior —Goodnow 
and her collaborators (e.g., Goodnow, 
1955; Goodnow & Postman, 1955), 
Feldman (1959a), and I (Edwards, 1956) 
have argued that people base predictions 
in probability learning on local hypothe- 
ses about sequential dependencies. This 
idea is very attractive; the sequential 
effects examined in this paper make it 
more so. Unfortunately, too many 
hypotheses (most necessarily incorrect) 
are possible, and they change too fast 
and too irregularly, to make this an easy 
idea to use. Feldman, working with 
verbal statements as well as predictions, 
has found it necessary to construct one 
hypothesis per S. This is the end point 
of any attempt to give a detailed, explicit 
account of probability learning from a 
hypothesis-testing point of view. We 
need higher order models, so that each 
specific set of hypotheses can be included 
within some more general classificatory 
or explanatory scheme. No such models 
are available at present. 


SUMMARY 


A probability learning experiment is re- 
ported in which each of 120 Ss made a se- 
quence of 1,000 predictions about which of 
two mutually exclusive events will occur. 
After each prediction, one of the two events 
occurs; the probability of occurrence of each 
event is constant (0.5, 0.6, 0.7 and their 
mirror images). Sequences were randomized 
in two different ways. Forallrelevant groups, 
the asymptotic probability of prediction was 
more extreme than the probability of occur- 
rence of the event predicted; probability 
matching did not occur. The Ss responded 
to small increases or decreases in the relative 
frequency of an event in a block of trials by 
similar small increases or decreases in their 
predictions of that event in that block; this 
phenomenon was named probability following. 
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Examination of sequential dependencies 
` by means of information measures indicates 
that about 25% of response information can 
be accounted for by the identity of Ss and the 
results of the last three trials. The Ss ap- 
parently pay most attention to previous out- 
comes, and much less attention to previous 
responses. Most of the predicting is done by 
the immediately preceding trial; trials further 
back contribute only small amounts of 
additional transmitted information. 

Analyses of homogeneous outcome runs 
on later trials show that the longer the run of 
occurrences of an event, the more likely S 
is to predict that event. For early trials, 
however, Ss show a slight tendency to predict 
the event less often as its run length increases; 
this is the gambler’s fallacy. 
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PRIMARY AND SECONDARY STIMULUS GENERALIZATION 
AS RELATED TO INTELLIGENCE LEVEL! 


IRV BIALER? 
George Peabody College 


According to S-R theory (Miller, 
1948), learning to respond with distinc- 
tive labels (cue-producing responses) 
to two similar stimulus situations 
should tend to increase the difference 
between them and thus facilitate sub- 
sequent discriminations. Increased 
differentiation based on this mecha- 
nism has been’ called “acquired dis- 
tinctiveness of cues” (Miller, 1948, 
p. 174). On the other hand, if the 
individual learns to attach the same 
verbal response to two distinctive 
stimulus situations, the resulting re- 
sponse-produced cues (e.g., “same 
name”) give these situations a certain 
amount of learned equivalence. The 
transfer of an instrumental response 
from one such secondarily equivalent 
situation to the other is said to be 
mediated by the “acquired equiva- 


1'This study was conducted while the 
author was on internship at Southbury Train- 
ing School, Southbury, Connecticut, during 
1959-60. The study was partially sup- 
ported by a grant (M-647) from the National 
Institute of Mental Health, National Insti- 
tutes of Health, Bethesda, Maryland; and 
grateful acknowledgment is made to Neal E. 
Miller, Yale University, for his aid and 
encouragement as research supervisor during 
the internship period, and for critical reading 
of drafts of the paper. The writer particu- 
larly wishes to express his appreciation to 
C. Edward Stull, Director of Psychological 
Service, and to the entire staff of the psychol- 
ogy department of Southbury Training School 
for their help and advice during the conduct 
of this study. Shirley Steele was especially 
helpful in screening the mongoloid Ss; and 
David Barron contributed greatly in pre- 
Paring the geometric designs utilized as 
stimuli. 

2 Now at Tennessee Clover Bottom Home, 
Donelson, Tennessee. 


lence of cues” (Miller, 1948, p. 174)— 
or secondary generalization. 

Again, current S-R formulations 
(Dollard & Miller, 1950; Miller, 1948) 
hold that it is primarily the verbal 
cue-producing responses which medi- 
ate man’s higher mental processes; 
and the absence or removal of these 
learned responses (such as occurs in 
repression) results in relatively unin- 
telligent behavior. 

The point is also made by these 
same theorists that the unavailability 
of learned verbal cue-producing re- 
sponses results not only in less intel- 
ligent behavior, but also in more 
primary stimulus generalization (re- 
sponse to superficial sensory simi- 
larity of stimuli which have been 
given otherwise distinctive character- 
istics in the form of different labels) 
where discrimination is required, and 
in less secondary stimulus generaliza- 
tion where the utilization of learned 
equivalence is required. 

The present study is designed to 
investigate the postulated relation- 
ship between verbal cue-producing 
responses, intelligent behavior, and 
primary vs. secondary stimulus gen- 
eralization. 

It was expected that when groups 
of Ss differing in intellectual ability 
are compared in a transfer situation 
under combined conditions of acquired 
distinctiveness and acquired equiva- 
lence of cues, both primary and 
secondary stimulus generalization may 
occur over the entire intellectual range 
studied. However, as one goes up 
the range, relatively more secondary 
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generalization responses should be 
found; and as one goes down the 
intellectual scale, relatively more re- 
sponses based on primary stim- 
ulus generalization (consequent to 
a relative inability to retain the 
basis for acquired distinctiveness and 
equivalence) should be obtained. 

The specific hypothesis to be tested 
was: There isa significant relationship 
between intelligence level and transfer 
task response, such that higher IQ 
groups tend to give relatively more 
responses based on secondary stimu- 
lus generalization than do compara- 
tively lower IQ groups. 


METHOD 
Subjects 


The S sample consisted of 48 mentally 
retarded and normal boys. Twenty Ss were 
of normal intelligence, ranging in IQ from 
91 to 109 (mean IQ = 99.8), as measured by 
the Otis Quick-Scoring Mental Ability Test. 
These Ss came from Grades 9 through 12 
at the Southbury High School,? and they 
ranged in CA from 14-2 to 17-10 (mean 
CA = 16-4). The retarded Ss (20 high 
grade familials and 8 middle grade mon- 
goloids) were residents at Southbury Training 
School, a state institution for mental defec- 
tives. The high grade group ranged in IQ 
from 51 to 75 (mean 1Q = 62.6) and in CA 
from 14-1 to 17-9 (mean CA = 16-1). With 
the exception of 3 Ss, who had been 
tested with the Wechsler Adult Intelligence 
Scale, the Wechsler-Bellevue Intelligence 
Scale, and the revised Stanford-Binet, Form 
E respectively, IQs for the high grade sample 
were derived from the Wechsler Intelligence 
Scale for Children, The middle grade Ss 
had an IQ range of 26 to 37, with a mean 
IQ of 31.8 (revised Stanford-Binet, Form L), 
and they ranged in CA from 14-1 to 29-1 
(mean CA = 21-8). In the case of the 
latter group, it was necessary to go beyond 
the CA range used in the other groupsin order 
to find mongoloids whose speech and compre- 


3 The author is grateful to Thomas Je 
Pepe, Superintendent of Schools, Southbury, 
Connecticut, and to James H. Heller, Direc- 
tor of Guidance, Southbury High School, for 
their generous assistance and full cooperation 
in providing these Ss, 
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hension ability were adequate for the required 
experimental tasks. 

In selecting all Ss for inclusion in the 
study, an effort was made to screen out chil- 
dren with debilitating physical and emotional 
defects. 


Materials and Procedure 


Two different sets of stimuli were em- 
ployed. One set consisted of four geometric 
designs (form stimuli), individually drawn 
on top of otherwise identical square box covers 
(Boxes 1, 2, 3, and 4), The designs, shown 
in Fig. 1, were modified from those used by 
Cantor and Hottel (1957). The other stimu- 
lus set (color stimuli) consisted of four box 
covers (Boxes 1A, 2A, 3A, and 4A) which 
were covered by colored construction paper. 
Boxes 1A and 2A were light and dark blue, 
respectively; Boxes 3A and 4A were light and 
dark red, respectively. Each of the eight 
stimulus boxes measured 3 X 3 X ł in. 

The normal and high grade retarded Ss 
received both sets of stimuli (Form and Color 
conditions) in succession. ‘To control for 
the possible effect of order of stimulus presen- 
tation on performance in the pretraining and 
transfer situations, a random half of each of 
these groups was presented with the tasks 
involving Form first, the other half receiving 
the Color tasks first. 

However, on the basis of the performance 
of the above S groups with the Color stimuli, 
it was evident that the mongoloids would 
find coping with these stimuli extremely 
difficult, if not impossible. Therefore, the 


a. 


BOX 1 BOX 2 
BOX 3 BOX 4 


Fic. 1. Geometric designs used as 
form stimuli, 
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middle grade retardates were exposed to the 
Form conditions only. For all Ss, the follow- 
ing procedure was introduced as a “name- 
learning game.” 

Form conditions—The pretraining situa- 
tion consisted of two major phases: (a) four 
name-learning tasks (Cond. IA, IB, II, and 
II); and (b) a candy-finding task (Cond. 
IV), 

In the name-learning phase, each S was 
first required to learn to associate the name 
“bif” to Box 1 and the name “mot” to Box 2 
(Cond. IA). The S then learned to call Box 3 
bif and Box 4 mot (Cond. 1B). Under each 
condition, S was shown the pair of boxes 
together and told the name that went with 
each of the boxes, The stimuli were then 
presented singly, in a predetermined random 
sequence, The S's errors were corrected by 
E, and training was continued until S re- 
sponded correctly to five out of five consecu- 
tive presentations. When this criterion was 
reached, it was assumed that S had learned 
to distinguish Box 1 from Box 2 and Box 3 
from Box 4 according to the principle of 
acquired inctiveness of cues. It was also 
assumed that, since S had apparently learned 
the same name (bif for Boxes 1 and 3 and 
mot for Boxes 2 and 4) for quite different 
stimuli, each given pair of cues had now 
acquired some degree of equivalence for S. 

However, in order to make the foregoing 
assumptions more tenable, S was next pre- 
sented with a pack of 20 cards, made up of 
five replicas of each of the four box tops 
(Cond. II). The S was told that the cards 
had the same designs and the same names as 
the boxes; that he was going to be shown the 
cards one at a time; and that each time, he 
was to tell Æ the name of the card. The 
cards were shown single, in a predetermined 
nonalternating sequence. The S's errors were 
again corrected by E until S reached a cri- 
terion of 9 correct responses on any 10 
consecutive presentations. 

At this point, it was assumed that the 
dual conditions of acquired distinctiveness 
and equivalence of cues had been well estab- 
lished. Nevertheless, since the subsequent 
candy-finding and transfer tasks involved 
the boxes, rather than the cards, the preceding 
Procedure was repeated with the four boxes 
(Cond. III). The S was instructed that he 
Was now going to be shown the four boxes 
again and that he was to tell Æ the name 
of each box as it was presented. The boxes 
Were shown, one at a time, ina predetermined 
fandom sequence, and S’s errors were cor- 
Tected until he spontaneously named „the 
oxes correctly on eight consecutive trials. 
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Under Cond. IV, in pretraining, S was 
required to learn to associate a manipulative 
response (reaching for and picking up one 
of a pair of boxes to find a candy reward) 
with a verbal cue-producing response, in- 
volving the name of the particular box 
covering the candy. The procedure for this 
condition was a modification of that used by 
Birge (1941). 

Multicolored M & M candies were used 
as reinforcement, and a random half of each 
group was trained to find the reward under 
Box 1 (bif), the other half learning to find 
the candy under Box 4 (mot). In presenting 
the stimulus pairs to S, the left-right positions 
of the boxes were randomized for each S 
from trial to trial, All Ss received the same 
L-R sequence. 

The S was shown Boxes 1 and 4 (with 
relative L-R positions opposite to that in 
which they were subsequently to appear on 
the first learning trial) on a turntable, and 
E said: 

This time, you are going to get some 
chances to find candy under one of these 
boxes. Each time, the candy will be under 
the bif (or mot). When I show you the 
boxes, I want you to say, “The candy is 
under the bif (or mot),” and then, pick up 
the bif (or mot), and take the candy. 
You may eat the candy now, or save it for 
later in this envelope (S was given a small 
envelope). Be sure to get it right. First, 
you say, “The candy is under the bif (or 
mot),” and then, you pick up the bif (or 
mot) and take the candy. Ready? O.K. 


For the first two learning trials, S was 
allowed to see the candy (a single M & M) 
being placed under the appropriate box. 
The turntable was then revolved, and, while 
it was still turning, it was hidden from S's 
view behind a cardboard screen. After the 
screen was in place, the turntable was stopped ; 
the boxes were moved to their predetermined 
L-R positions; and E asked: ‘Where is the 
candy?” On these trials, as on all subsequent 
ones, S was required to change incorrect 
verbal and/or manipulative responses before 
being allowed to take the candy. Thus, 
each trial ended with S being finally rewarded 
for a series of correct responses. i r: 

Inan effort to insure that S's manipulative 
response would become associated primarily 
to the verbal response, the procedure was 
modified beginning with the third candy- 
finding trial. Now the screen was placed 
between S and the revolving turntable before 
the candy was placed by E. In this way, S 
had no further opportunity to utilize possible 
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visual cues provided by E's manipulation of 
the appropriate stimulus object; and trials 
were continued until Si responded correctly 
without the candy-placement cue from E 
on five consecutive presentations of the 
paired stimuli. Thus, the lowest score any 
given S could achieve in Cond, IV was seven 
trials to criterion. 

When S had attained criterion on the 
preceding task, the transfer situation was 
introduced without a break in the procedure 
and without giving S any warning that 
changes were being made in the stimulus 
conditions. Having placed the screen, E 
removed Boxes 1 and 4 from the turntable 
(as had been done prior to all previous trials). 
The original stimuli were then replaced by 
Boxes 2 and 3, relative L-R positions of this 
pair having been randomized from S to S, 
and the candy was again placed under the 
box with the appropriate name. With the 
removal of the screen, S was again required 
to choose the box with the candy by giving 
the necessary verbal and manipulative 
responses. 

Each S was given only one transfer trial, 
and, depending upon whether he reached for 
and picked up the box having the same name 
as, or the box bearing the geometric figure 
similar to, that under which the candy was 
found in pretraining, S was scored as having 
chosen “Name” or “Form,” respectively. 
This score was taken as indicating whether 
the manipulative response had been mediated 
by secondary stimulus generalization, on the 
one hand, or primary stimulus generalization, 
on the other; and the number of Ss achieving 
the respective scores formed the basis for 
testing the experimental hypothesis. 

Color conditions.—The pretraining and 
transfer procedures (along with the appro- 
priate controls) involving the color stimuli 
paralleled the above methodology exactly. 
Boxes 1A, 2A, 3A, and 4A appeared in situa- 
tions analogous to those where Boxes yo, 
and 4 were used, However, in addition to 
differing from the form stimuli in physical 
appearance, the color stimuli carried a 
different set of verbal labels, 

Briefly, during Pretraining, S first learned 
to associate the name “dap” to Boxes 1A 
(light blue) and 3A (dark red), and the name 
“guz” to Boxes 2A (dark blue) and 44 (light 
red). He was then shown Boxes 1A and 4A 
and learned to pick up one of these for candy, 
at the same time reciting the cue-producing 
response: “The candy is under the dap (or 
guz).” On the transfer task, S was scored 
as having made a “Name” or “Color” 
response, and the statistical analysis was 
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based on the number of Ss scoring in one 
category or the other. 

In an effort to minimize communication 
from those Ss who had already been seen to 
those yet to come, S was not released im- 
mediately after the main procedure was 
completed. Instead, S was shown four 
boxes, with the picture of a different animal 
(bison, tern, sheep, and owl) on each box, 
and he was told: “Now this is the really 
important part. Where is the candy? Pick 
up the box with the candy.” Each box 
covered five pieces of candy. Thus, S was 
amply rewarded for whichever choice he 
made. It was hoped that this addendum to 
the procedure would serve as an effective 
“smokescreen” to S's memory of what had 
come before. Nevertheless, before being 
allowed to leave, S was assured that E would 
appreciate it if the other boys were not told 
exactly what had taken place during the 
“game,” 


RESULTS 


The statistical treatment was chiefly 
concerned with a chi square analysis 
of the data on the transfer task. 
Nevertheless, comparisons were also 
made between the various groups 
as to trials to criterion under both 
phases of the pretraining situation. 
Since the middle grade retardates had 
worked with the form stimuli only, 
statistical treatment of all the mon- 
goloid group data consisted of com- 
parisons of those data with responses 
made under the Form conditions by 
the other Form-first subgroups only. 

In all the following analyses (pre- 
training and transfer tasks), the .05 
level was used for determining sta- 
tistical significance, and two-tailed 
tests were employed throughout. 


Pretraining 


Name-learning tasks.—Each S's 
scores for Cond. IA, IB, II, and IH 
were combined into a single trials- 
to-criterion score for the given 
The data for the normals and high 
grade retardates were analyzed by an 
analysis of variance design (Lind- 
quist Type IlI, 1953) involving two 


yariables (normals vs. retardates, 
Form vs. Color, Form-first vs. Color- 
first) in each of three respective di- 
mensions (intelligence level, stimulus 
condition, stimulus order) with the 
following results: (a) there were no 
significant interactions; (6) the re- 
tardates took significantly more trials 
to criterion over-all than did the 
normals—indicating that name learn- 
ing was, in general, more difficult for 
the retarded Ss; (c) both groups took 
significantly more trials to criterion 
with Color than with Form; and (d) 
the effect of stimulus order was not 
significant. 

Individual ¢ test comparisons of 
the middle grade retarded group with 
the other Form-first subgroups indi- 
cated that the normals learned the 
names of the form stimuli in signifi- 
cantly fewer trials than did the 
mongoloids. However, the high grade 
and middle grade retardates did not 
differ significantly from each other 
in the mean number of trials needed 
to learn the names of the geometric 
designs. 

Candy-finding task.—The trials to 
criterion were analysed for the data 
obtained in Cond. IV, with the 
following findings: 

A In comparing the normals and 
high grade retardates, it was found 
that: (a) There were no significant 
interactions. (b) There was no signifi- 
cant difference in mean number of 
trials to criterion under the different 
stimulus conditions. From this, it 
may be inferred that once the names 
had been learned to both sets of 
stimuli, learning to associate a manip- 
ulative response to those names was, 
in general, no more difficult for Color 
than for Form. (c)There was a sig- 
Nificant over-all difference between 
the 1Q groups—the retardates ap- 
Parently having more difficulty than 
the normals in learning the appro- 
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priate associations. (d) The effect 
of stimulus order was significant. 
The Color-first group as a whole 
(combined Color-first normals and 
Color-first retardates) took more trials 
than did the Form-first group as a 
whole. 

2. The ż test comparisons between 
the middle grade group and the other 
Form-first subgroups revealed that 
the mongoloids apparently did not 
differ significantly from either of the 
other groups in the mean number of 
trials needed to learn the appropriate 
associations. 


Transfer 


Order of presentation.—The effect 
of stimulus order on Ss’ transfer-task 
responses was examined by a series of 
chi square comparisons of noninde- 
pendent proportions (McNemar, 
1955). In this way, tests were made 
of the significance of overall changes 
from the first to the second set of 
responses (where both sets of stimulus 
conditions had been administered) 
in the various IQ groups and stimulus 
order subgroups. All comparisons 
involved a correction for continuity, 
according to the formula provided by 
McNemar (1955, p. 231) for correcting 
chi squares computed from fourfold 
tables in which the frequencies or 
proportions involved are based on the 
same Ss. In all cases, the hypothesis 
was that the proportion of Ss giving 
a “Name” response on the first trans- 
fer task was equal to the proportion 
giving that response on the second 
transfer task. Table 1 presents a 
summary of the results of the various 
tests of that hypothesis. 

The nonsignificant chi squares in 
Table 1 indicate that, regardless of 
which stimulus condition was pre- 
sented first, both IQ groups were 
consistent in their responses from 
the first transfer task to the second ; 
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TABLE 1 


TESTS FOR SIGNIFICANCE OF CHANGES FROM 
First Ser vs. Seconp SET or RE- 
SPONSES WITHIN GIVEN GROUPS 
AND SUBGROUPS 


Group N Chi P 
Square 
Normals 20 | <1.00 
Retardates 20 | <1.00 
Form-first Normals 10 | <1.00 
Form-first Retardates | 10 3.20 | >.05 
Color-first Normals 10 | <1.00 
Color-first Retardates | 10 | <1.00 


i.e., the tendency to give a “Name” 
response was not significantly affected 
by stimulus order. 

The experimental hypothesis—Since 
there was no significant order effect, 
the chi square comparisons of the 
normals vs. high grade retardates 
were conducted without taking stim- 
ulus order into account. In the case 
of these groups, the transfer task data 
were examined separately for Form 
and Color conditions, with the fol- 
lowing findings: (a) Under the Form 
conditions, 20 normals and 13 re- 
tardates gave the “Name” response. 
None of the normals and 7 retardates 
chose “Form.” Oe = 6.23, corrected 
for continuity, with P = 02.) (b) 
Under the Color conditions, 16 nor- 
mals and 5 retardates made the 
“Name” response; while 4 normals 
and 15 retardates chose “Color.” 
e = 12.13, P = -001.) 

As with previous analyses, the 
responses of the middle grade re- 
tardates were compared only with 
those made under the Form condi- 
tions by the other Form-first sub- 
groups. These comparisons revealed 
the following: (a) Of the 10 Form- 
first retardates, 6 Ss gave the “Name” 
response; while 4 Ss chose “Form.” 
In the middle grade group, none of 
the Ss chose “Name,” all 8 mon- 
goloids made the “Form” response. 
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(xè = 4.80, corrected for con 
P=.05.) (b) Among the Form 
normals, all 10 Ss made the “Name 
response, with none choosing “Form 
Comparison of this group with the 
middle grade retardates yielded 

x° of 14.10 (corrected for continuity} 
with P = .001. 


DISCUSSION 


The findings clearly indicate that thi 
experimental hypothesis was confirmed. 
Thus, the results on the transfer tasks 
seem to validate the proposed theoretical 
relationship between intelligent behavior, 
verbal cue-producing responses, and pri- 
mary vs. secondary stimulus generaliza- 
tion. l 

In general, the findings of the present 
study are consistent with those of other 4 
research (e.g., Birge, 1941; Cantor & 
Hottel, 1957; Golu, 1958). 3 

Birge investigated the acquired equiva- 
lence of cues formulation with children of 
normal intelligence. She found that 
generalization of a manipulative response 
from one stimulus to another was 
facilitated when the children had pre- 
viously learned to give the same names 
to the two very different stimuli. The 
study by Cantor and Hottel was con- 
cerned with the applicability of the 
acquired distinctiveness of cues formu- 
lation to the learning behavior of mental 
defectives. The obtained results indi- 
cated that teaching the retardate differ- 
ent names for similar stimuli aided the 
learning of a differential motor response 
to the stimuli. Golu, in a study sum- 
marized by Brackbill (1960), found that 
a differential verbal response, in addition 
to a motor response, decreased the num- 
ber of errors in discrimination learni 
in mentally defective Russian children 

In addition to being consistent with 4 
the cited research, the present investiga- 
tion goes further by pointing up the 
differential role played by verbal cu 
Producing responses in the higher men! 
Processes—as well as the importan 
of the context within which the 
Processes are operating. 
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The nature of the present stimulus con- 
ditions was such that the similar geo- 
metric figures were apparently more 
distinctive than were the similar colors. 
Nevertheless, the results indicate that 
the normal group showed relatively 
greater ability to utilize verbal cues for 
secondary generalization (i.e., demon- 
strated a relatively higher level of rea- 
soning ability) under both stimulus 
conditions than did the high grade 
retardates. However, a comparison of 
the responses made by the latter group 
under Form and Color conditions, re- 
spectively, indicates that, for this group, 
the effectiveness of verbal cues in mediat- 
ing secondary generalization was related 
to the relative distinctiveness of the 
form vs. the color stimuli. On the other 
hand, the comparison of the middle 
grade retardates with the other Form- 
first subgroups seems to emphasize that 
the mongoloids were comparatively even 
more limited to responding in terms of 
the primary, “given” aspects of the 
stimulus conditions—an apparent indi- 
cation of very low-level reasoning ability. 

It should be pointed out that although 
all the mongoloid Ss gave the “Form” 
response, 3 of these Ss had appar- 
ently been able to apply the correct name 
to the manipulated stimulus, even though 
they did not use this name to mediate 
transfer. For example, if they had been 
Saying: “The candy is under the bif 
(cross)” in pretraining, when the boxes 
were switched for the transfer situation, 
these Ss said: “The candy is under the 
mot (different cross), and they picked 
up the mot. These Ss picked up the 
Physically more similar box in spite of 
the fact that they correctly gave it the 
different name (which had, for them, 
never been associated with finding the 
candy). Thus, for these Ss, the “in- 
correct” manipulative response on the 
transfer task was made in spite of a 
Correct verbal label. 

However, all of the other Ss, in all 
Q groups, who transferred on the basis 
of physical similarity (primary stimulus 
generalization) not only reached for the 
Wrong” box, but also gave it the wrong 
name. These Ss first gave the correct 
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verbal response (e.g, “The candy is 
under the bif’)—following which, they 
picked up the box which had previously 
been labeled mot. This behavior may 
have involved at least two mechanisms, 
which are not mutually exclusive: (a) 
The training with the candy attached 
a very strong reaching response to the 
specific cue on the box. This response 
generalized to the similar box and medi- 
ated the transfer of the name which was 
wrong for that box. (b) The training 
with candy so strengthened the tendency 
to respond to the specific cue on the box 
with the name of that box that the 
generalization of this name to the phys- 
ically similar transfer box was able to 
override the previous training to give a 
different name to the transfer box. 

In any event, the previous training in 
naming did not mediate secondary gen- 
eralization for those Ss who picked up 
the “incorrect” box. 

As expected, the proportion of Ss 
who failed to show secondary generaliza- 
tion on the basis of the verbal cues was 
relatively greater in the comparatively 
lower IQ groups. All the Ss in the lowest 
group showed such failure. Neverthe- 
less, the fact that some of the mongoloids 
were able to respond (albeit “incor- 
rectly”) on the basis of the correct verbal 
label suggests that the ability of this 
group of mental defectives to utilize 
verbal symbols in learning and perform- 
ance may possibly be greatly improved 
by verbal training. 


SUMMARY 


The present study was concerned with the 
relationship between verbal cue-producing 
responses, intelligent behavior, and primary 
vs, secondary stimulus generalization. Un- 
der combined conditions of acquired distinc- 
tiveness and acquired equivalence of cues, 
groups of intellectually normal, high grade 
retarded, and middle grade retarded (mon- 
goloid) boys were compared as to the utiliza- 
tion of learned verbal responses in the transfer 
of a manipulative response. As predicted, 
there” was a significant relationship between 
IQ level and transfer score, indicating that 
the relatively higher IQ groups responded 
significantly more on the basis of secondary 
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stimulus generalization than did the relatively 
lower IQ groups. 
è 
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DYNAMIC BEHAVIOR OF THE WARMTH SENSE ORGAN 
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Nijmegen, The Netherlands 


Recent investigations, neurophysio- 
logical as well as psychophysical, have 
shown that temperature rather than 
temperature gradient should be con- 
sidered as the adequate stimulus of 
the warmth sense organ (Hensel, 
1950; Hensel & Zotterman, 1951a; 
Vendrik & Vos, 1958). However, it 
is clear that the time dependence of 
temperature also is important for the 
stimulation of this sense organ. Adap- 
tation of the skin senses in general 
is very marked. 

The term adaptation is often em- 
ployed in a variety of ways. In this 
paper it will be used in the sense 
that the response to a constant physi- 
cal stimulus diminishes with time. 
Hence, adaptation is a special type of 
dynamic behavior of this sytem. 
The response may be nervous activity 
measured electrophysiologically or 
sensation. A quantitative descrip- 
tion of adaptation needs the measure- 
ment of the response to a physical 
stimulus with a well known time 
course. The measurement of the 
magnitude of a sensation, however, 
8ives large difficulties. Therefore 
m psychophysical experiments the 
magnitudes of physical stimuli with 
Various time courses are measured 
which give rise to a threshold sensa- 
tion or another sensation of constant 
magnitude. These results allow the 
dynamic behavior to be calculated. 

The comparison of electrophysio- 
logical and psychophysical data is very 
important. It allows one to interpret 
the electrophysiological responses in 
terms of their functional significance 
and to explain the psychophysically 
determined results. But this com- 


parison is only possible when both 
responses are measured quantitatively. 

Electrophysiological experiments on 
the sensory nerves of the temperature 
sense organs of the cat have revealed 
that the adaptation of the cold and 
warmth receptors in this animal is 
very pronounced but not complete 
(Hensel, 1953). The time-constant 
of this receptor adaptation has been 
measured. The adaptation of the 
sensation in man, however, is com- 
plete if the applied change in tem- 
perature is not too large. This points 
to another adaptation originating 
more centrally than the one of the 
receptors, 

In a previous paper by Vendrik 
and Vos (1958) it was shown that 
adaptation of warmth sensation be- 
comes very marked for stimulus 
durations greater than a few seconds. 
This adaptation does not agree quan- 
titatively with the receptor adapta- 
tion measured electrophysiologically 
in the cat. The experiments by 
Vendrik and Vos (1958), however, 
were not designed for the investiga- 
tion of this problem. The main 
limitation was that the durations of 
the stimuli could not be made short 
enough. Therefore the threshold 
measurements of the warmth sensa- 
tion described in this paper were 
carried out with the aim to obtain 
more quantitative information on the 
adaptation, i.e. on the dynamic 
behavior, of this sense organ. 


METHOD 


For testing dynamic behavior it is neces- 
sary to use stimuli of quantitatively well 
known time course. Moreover, it was desir- 
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able to use stimuli of considerable shorter 
duration than 1 sec. 

The dependence of temperature with time 
at the receptor layer of the skin is much more 
accurately known when microwave stimula- 
tion is applied than when infrared radiation 
or thermodes are used. The reason is that 
the absorption coefficient of microwave radia- 
tion of suitable wavelength in water-like 
tissues is so small that the skin above the fat 
layer is practically uniformly raised in tem- 
perature, Consequently heat conduction dur- 
ing short exposures does not play an important 
role. With infrared radiation or thermodes, 
by contrast, the rate of change of temperature 
in different skin layers is largely determined 
by heat conduction, 

In present experiments microwave radia- 
tion with a free space wavelength of 10 cm. 
has been used to irradiate the inner side of the 
forearm. The arm was gently pressed against 
the aperture of a rectangular wave guide with 
a cross section of 7.2 X 3.6 cm?, Also experi- 
ments with cross sections of 2.5 X 7.2 cm.? 
and of 6.0 X 7.2 cm.* were done. Greater 
variations in the cross-sectional area of the 
aperture of the waveguide cause reflections 
of the microwave to such an extent that a 
mismatch cannot easily be prevented, The 
equipment, its calibration and its use have 
been previously described (Vendrik & Vos, 
1958), 

When the arm is exposed to microwave 
radiation, a constant energy per unit of time 
is transmitted into the arm, During the 
time that heat loss to surrounding tissues is 
negligible, the temperature rise will be linear 
with time. From measured temperature 
rises on the surface of the skin, as well as 
from calculations, it appears that increase of 
temperature is linear within about 10% when 
1950) times do not exceed 7 sec, (Eijkman, 


The experiments consist of measurements 
of threshold energy at different exposure 
times, The threshold measurements have 

made using the yes-no procedure. The 
S was asked to make a decision whether or 


activity that is probabl fluctuating. Ti 
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him in doubt about the occurrence of a “zero” 
stimulus or a “real” stimulus. All series 
consisted of 10 trials, which by means of a 
programing switch, were composed of 5 
stimuli of an announced strength and 5 “zero” 
stimuli in random sequence. Mostly well- 
trained Ss were tested, who thus knew per- 
fectly well, what a particular strength of 
stimulus meant. While S under test was 
observing the stimuli of the preset program, 
which was, of course, unknown to him, he 
wrote down the program he experienced, 
The possibility is now included, that a record 
of sensation is made, while no stimulus 
(i.e., a “zero” stimulus) was present, a so- 
called false positive. This gives the oppor- 
tunity to describe the reliability of a normal 
report of sensation while a stimulus is present. 
The probability of perception is defined as 
the probability of report of sensation minus 
the probability of a false positive. This 
definition is chosen because this gives the best 
correction we can make at the moment for 
the variations in the observer's attitude. If 
one adheres to threshold theory, this definition 
gives the same result as the well-known 
definition used in threshold theory as regards 
the course of the curves describing the dy- 
namic behavior of this organ. If one thinks, 
as we do, that detection theory is a better 
model, evaluation of the probability of ob- 
taining a false positive can only be given if the 
distribution and the bandwidth of the noise 
is known. This knowledge, however, is lack- 
ing. Although not ideal the above mentioned 
definition provides a good correction for the 
shift in the observer's detection level. 

The curve presenting the probability of 
perception versus the intensity of the stimu- 
lus is S shaped. The intensities are chosen 
in the region of the greatest slope of the S 
curve. Every experimental probability curve 
includes four intensities with the same ex- 
posure times; at each intensity six or seven 
series of 10 trials were performed. Eight 
different exposure times were used ranging 
from 0.1 to 10sec. The Ss were tested during 
about 3 weeks successively, 

The threshold finally is defined as the 
energy that yields a probability of perception 
of .85, this being the percentage that coul 
be determined most accurately. Intensities 
as well as exposure times were controle 
electronically. 


RESULTS 


An example of a measured ‘‘prob- 
ability of perception” curve is shown 
in Fig. 1. The stimulus which iS 
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plotted along the abscissa is the total 
energy given in one exposure. This 
quantity is in good approximation 
proportional to the temperature in- 
crease of the receptors at the end of 
the exposure. From these curves the 
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necessary for a probability of percep- 


energy in one exposure 


(cal) 
microwave / 
subject R 

154 area 3,6x7,2 cm? 7 
B/A = 2,0 
Tı =0,25 sec i 


2 4 6 


exposure time te (sec) 


DYNAMIC BEHAVIOR OF WARMTH SENSE ORGAN 


405 


tion of .85 are obtained. As all experi- 
mental probability curves showed 
the same shape, a standard curve was 
fitted to the measured probabilities. 
This could be done with a standard 
error of 15%; thresholds could thus 
be determined with an accuracy of 
15%. 3 

In Fig. 2 the thresholds of 2 well 
trained Ss are plotted as a function 
of the exposure time. Similar thresh- 
old measurements with reduced and 
increased area of irradiation (2.5X7.6 
cm2 and 6.0 X 7.6 cm?) yield the 
same dependence on exposure time 
as the one shown in Fig. 2. 

The characteristic features of the 
measured curves are: (a) Threshold 
energy increases initially with expo- 
sure times up to about 1-2 sec., 
which means that with a steeper rise 
of temperature a threshold sensation 
is obtained at a smaller increase 
of temperature. (b) For exposure 
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accurate knowledge of the time course of the 
temperature in the deeper layers of the skin, 

The dependence of the threshold of the 
warmth sense on the time of exposure shows 
adaptational effects, which are in agreement 
with electrophysiological evidence. Hence, 
for exposure times up to 2-4 sec. the experi- 
mental results are described by a receptor 
system having a time-constant of about 
0.3 sec, 

Exposure times exceeding 2-4 sec. display 
another adaptation, which is believed to be 
ofcentral origin, The obtained curves suggest 
that after the onset of the stimulus this 
central adaptation starts to diminish the 
effect of peripheral inflow after a retardation 
time of a few seconds. 
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Recently Skinner (1957) has pro- 
| posed that a stimulus which has been 
associated with more than one pri- 
mary reinforcer will acquire the 
properties of a generalized conditioned 
reinforcer (GCR). A GCR, as pro- 
posed by Skinner, is a reinforcing 
state of affairs whose “reinforcing 
properties” are effective over a wide 
range of situations. It differs from a 
simple conditioned reinforcer (SCR) 
which controls behavior only under 
appropriate conditions of deprivation 
in not being dependent upon momen- 
tary deprivational conditions. Also, 
a GCR is assumed to have greater 
potential reward value than a SCR. 
Finally, Deese (1952) has pointed 
out that a habit based on a GCR 
should be more resistant to extinction 
than one based on a single reward. 
Only a few studies (e.g., Porter & 
Miller, 1957; Wike & Barrientos, 
1958; Wike & McNamara, 1955) 
have investigated the properties of a 
GCR, and these have been concerned 
primarily with the role that different 
drive conditions might have in the 
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STRENGTH OF A GENERALIZED CONDITIONED 
REINFORCER AS A FUNCTION OF 
VARIABILITY OF REWARD! 
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development of a GCR. For example, 
Wike and McNamara (1958) paired 
the stimuli of one goalbox at the end 
of an alley with wet-mash reinforce- 
ment of hunger and thirst drives in 
rats and the stimuli of another goal- 
box with wet-mash reinforcement of 
a hunger drive during the first phase 
of an experiment. Later, when 
confronted with both goalboxes in 
a T maze test, Ss preferred the 
goalbox previously associated with 
reinforcement under both drives. 

While the present literature sug- 
gests that conditions of drive are 
important variables in the determina- 
tion of a GCR, studies examining 
other properties, such as the nature 
of the reinforcing situation itself, 
are lacking. The present experiment 
investigates the effects of varying 
(a) the type of reinforcement (food, 
water, or both) and (b) the distribu- 
tion of the types of reinforcement 
during training trials, on the strength 
of a GCR as measured by resistance 
to extinction of a running response. 
Relative preference for the food and 
water rewards and spontaneous re- 
covery were also used as supple- 
mentary measures in the study. 
Reward preference was used as a 
measure of reinforcement “strength”; 
spontaneous recovery, as another 
measure of a GCR. 


METHOD 


Subjects 
Sixty male albino rats of the Sprague- 
Dawley strain obtai ned from Sprague-Dawley 
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Inc., Madison, Wis., served as Ss in the experi- 
ment. There were 15 Ss in each of four 
groups. The Ss were about 95 days old at 
the beginning of conditioning. 


Apparatus 


The apparatus was similar to that de- 
scribed by Hulse (1958). It consisted of a 
straight alley with start and goalboxes. The 
overall inner dimensions of the alley were 48 
X49 in; the startbox, 7 X 6 X9 in.; 
the goalbox, 12 X 8 X9 in. The start and 
goalboxes were covered with hinged glass 
lids while the alley was covered with a hinged, 
screened frame, The interior of the startbox 
was white; that of the alley, flat black. The 
interior of the goalbox was also black with 
the exception of the back wall which was white. 
Two reward cups approximately 1.75 in. 
in diameter were mounted on the goalbox 
floor near the back wall. One reward cup 
was used for food reinforcement; the other, 
for water reinforcement. 

Manually operated guillotine doors sepa- 
rated the start and goalboxes from the alley. 
Raising the door of the startbox started a 
Standard Electric timer, The timer was 
stopped when the weight of S depressed a 
floor panel in the goalbox. The relay circuits 
Ang timers were enclosed in a sound-damping 

box. 

A light-gray box 12 X 10 X 10 in. was 
used to confine Ss during a 15-sec. intertrial 
interval. The interval was measured by a 
timer which was started as S was placed in 
the box, 


Experimental Design 


Four groups of Ss were run under both 
hunger and thirst motivation. The groups 
differed only in the type of reward that they 
received during conditioning trials, Group F 
received a food reward on all trials; Group W 
received a water reward on all trials; Group 
F + W received both food and water on all 
trials; and Group F/W received food ran- 
domly on half the trials and water on the 
remaining half. Three Ss of each group were 
run during each of five replications of the 
experiment. One week separated the be- 
ginning of training trials for successive 
replications. 


Procedure 


Taming.—Upon arrival from the supplier, 
all Ss were permitted ad libitum food and 
water for a period of 3 days. A 16-day period 
of taming followed. During the first 14 days, 
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a deprivation schedule, which permitted an 
average daily food ration of 8 gm. of Purina 
chow and 13 cc. water, was instituted. Each 
day Ss were taken from their housing cage 
and successively placed in groups of 6 in 
four different boxes. In the first box, they 
found one-half of their daily ration of food, 
in the second box, one-half their daily ration 
of water, in the third box the remaining half 
of their food, and in the fourth box, the 
remaining half of their water. 

A 2-day exploration period followed in 
which Ss in groups of 3 were permitted 
to explore the alley for two periods each day, 
Each S of Group F received approximately 
0.50 gm. of dry food (0.045 gm/pellet)’ in 
the goalbox during each of the two explora- 
tion periods. Each S of Group W received 
0.50 cc. water during each of the exploration 
periods, while Ss of Group F + W received 
both 0.25 gm. food and 0.25 cc. water on each 
period. Group F/W received 0.50 cc. water 
on the first period and 0.50 gm. food on the 
second period of the first exploration day; 
this order was reversed on the second explora- 
tion day. As “previously mentioned, food 
rewards were always found in one cup in the 
goalbox while water rewards were found in 
the second cup. 

Supplementary rations were given im- 
mediately after the exploration periods, 
These rations brought the average daily food 
consumption to 8 gm. and the average daily 
water ingestion to 13 cc. per S. 

Conditioning—All Ss received 50 condi- 
tioning trials, 10 trials on each of 5 con- 
secutive days. The intertrial intervals were 
15sec. Each S of Group F received two dry 
0.045-gm. food pellets per trial as a reward. 
Each S of Group W received two drops of 
water (0.10 cc.) per trial as a reward. Each 
S of Group F + W received one food pellet 
(0.045 gm.) and one drop of water (0.05 cc.) 
per trial. Each S of Group F/W received 
as a reward either two food pellets or two 
drops of water on any one trial. The sequence 
of food or water for Group F/W was randomly 
determined with the restrictions that half 
the trials were water reinforced, that the 
initial trial of each day was water reinforced, 
and that no single kind of reinforcement 
occurred more than three times in succession. 
All Ss of this group followed one of three 
reinforcement schedules. 

As in the exploration periods, supplemen- 
tary rations were given approximately 1 ht. 
after each daily session. These rations 


* Obtained from P. J. Noyes Co., Lancaster, 
New Hampshire. 
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brought the total daily food and water con- 
sumption to 8 gm. of food and 13 ce. of water. 
Supplementary rations were given to each S 
individually in separate cages 

Extinction —F ollowing conditioning, 20 
extinction trials were given, Ten extinction 
trials were given on the first day and 10 trials 
on the following day. During extinction, Ss 
were permitted to remain in the empty goal- 
box for 5 sec. on each trial. The interval 
between extinction trials was 15 sec. 


Performance Measures 


During conditioning and extinction, the 
total running time per trial was recorded to 
the nearest .1 sec. Total running time was 
defined as the time from the raising of the 
startbox door to the time S entered the goal- 
box and depressed the floor panel. These 
measures were converted to reciprocals and 
multiplied by 100 for purposes of statistical 
treatment. 

x As a second measure of performance, 
ene recovery occurring between the 
ATA days was examined. To check 
a e statistical significance of spontaneous 
th overy, means of the reciprocal scores for 

e last trial of Day 1 of extinction were 
compared with means for the first trial of 
Day 2 of extinction. 

Ss Ee the frequency with which the 15 
zi of Group F + W consumed food before 
ater in the goalbox during the 50 training 


Running speeds during acquisition. 


trials was recorded. This “preference” 
measure was suggested when it was noted 
during taming that, under the experimental 
conditions used, Ss showed less hesitancy in 
consuming dry food than in consuming water, 


RESULTS 


Conditioning 

The acquisition data based on 
group means for blocks of five trials 
are shown in Fig. 1. An analysis 
of variance based on means for the 
last five conditioning trials yielded an 
F of 20.81 (df = 3/56, P < .001). 
Table 1 shows the results of ¢ tests 
on the means for the last five condi- 
tioning trials. It is evident from the 
results of this analysis that Groups 
F/W and F + W ran significantly 
faster than Groups F and W but did 
not differ from each other in running 
speed. 

An analysis of variance was also 
performed for the entire 50 acquisition 
trials. The resulting F of 25.50 was 
again significant (df =3/56, P <.001). 
The ¢ tests between means based on 
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TABLE 1 


RESULTS OF £ TESTS OF DIFFERENCES BE- 
TWEEN GROUP MEAN SPEEDS FOR 
THE Last Five CONDITIONING 


TRIALS 
t 
Group | Mean 
w | F+W | F/W 
È 73.49| 4.64**  2.04* 2.03* 
wW 50.00 6.68** 6.67** 
F + W | 83.79 0.01 
F/W | 83.76) 


Note.—The within error term from the analysis of 
Variance (182,88) was used to compute £. 

*P <,05, df = 56. 

*P <.001, df = 56. 


50 trials showed the same group 
trends as those based on the last five 
acquisition trials with the exception 
that Group F was not significantly 
different from Group F/W. Thus, 
although Fig. 1 suggests that Group 
F + W ran faster than Group F/W 
during training, the difference be- 
tween these groups over the 50 
acquisition trials was not significant, 

Finally, a ¢ test between the com- 
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Fic. 2, Running speeds during extinction. 


RICHARD A. WUNDERLICH 


bined mean of the groups that re- 
ceived both types of rewards, whether 
successively (Group F/W) or simul- 
taneously (Group F + W), and the 
combined mean of groups that re- 
ceived a single reward (Groups F and 
W) resulted in a ¢ of 6.82 (df = 56, 
P <.001). 


Extinction 


The extinction curves for Day 1 and 
Day 2 are shown in Fig. 2. It is 
apparent that on Day 1 Group F/W 
ran much faster during extinction 
than any of the other groups, Group 
F + W ran next fastest followed by 
Groups F and W. An analysis of 
variance of means based on the 10 
trials of Day 1 yielded an F of 23.19 
(df = 3/56, P < .001). The results 
of t tests on differences between these 
means are shown in Table 2. All 
means are significantly different from 
each other. 

An F of 10.45 (df=3/55, P <.001) 
resulted from an analysis of covari- 
ance based on the last five condition- 
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TABLE 2 
RESULTS OF £ TESTS BETWEEN GROUP DIF- 
FERENCES IN MEAN SPEEDS DURING 
THE First 10 EXTINCTION 


TRIALS 

| 1 
Group | Mean | $$$ 

| w | F+W | F/W 
F 45.51| 2.09* 2:29% 5.67** 
Ww 34.80 33752 0) IOS 

E + W | 57.29 3.38** 

F/W | 74.67 
Note.—The within error term from the analysis of 


variance (188.77) was used to compute ¢. 
*P <.05, df = 56. 
* P <.01, df = 56. 


ing trials and the first 10 extinction 
trials. This F may be interpreted as 
showing an overall between-group 
difference after accounting for the 
differences between groups at the end 
of conditioning. 

Table 3 presents the means and the 
t's between group means based on 
the first 10 extinction trials after the 
means have been adjusted by the 
covariance technique. As before, 
Group F/W shows significantly faster 
running during extinction than any 
of the other groups. On the other 
hand, the greater resistance to extinc- 
tion of Groups F and F + W, as com- 
pared with Group W, that was found 


TABLE 3 


RESULTS or t TESTS BETWEEN ADJUSTED 
Group DIFFERENCES IN MEAN 
SPEEDS DURING THE FIRST 
10 EXTINCTION TRIALS 


t 


Ad- 
Group |justed ————— rm 
Mean S | F+W | F/W 
E 45.25| 0.40 1.61 5.08* 
W 42.99 1.91 4.29* 
F + W | 53.32 3.59* 
F/W | 70.71 


Note,—Adjusted standard errors of the mean differ- 
ence Were used to compute $. 
P <.001, df = 55. 
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with the unadjusted means is no 
longer evident. 

An analysis of variance of the 
second 10 extinction trials resulted 
in an F of 4.86 (df = 3/56, P < .01). 
Subsequent ż tests again showed that 
Group F/W was more resistant to 
extinction than the other groups 
(P <.05). None of the other dif- 
ferences were significant, however. 
A covariance analysis yielded an F of 
3.62 (df = 3/55, P < .05) and ż tests 
of the differences between adjusted 
means showed only that Group F/W 
was significantly more resistant to 
extinction than Group F + W. The 
other comparisons were not significant. 


Spontaneous Recovery 


As a measure of spontaneous re- 
covery, an analysis of variance was 
performed on the difference between 
running speeds of the last trial of Day 
1 and the first trial of Day 2 of extinc- 
tion. The resulting F of 26.22 was 
significant (df = 1/118, P < .001). 
Only Groups F and F + W showed 
significant spontaneous recovery. The 
tfor Group F + W was 5.02 (df = 118, 
P < .001); for Group F the £ was 3.98 
(df = 118, P < .001). 


Reward Preference 


A t of 4.57 (P < .001) was found 
between the percentage of trials that 
Ss of Group F + W consumed food 
before water (82%) and chance (50%). 


DISCUSSION 


The principal finding of this experi- 
ment is that the random distribution of 
two types of rewards from trial to trial 
during training resulted in the clearest 
evidence of a GCR as measured by re- 
sistance to extinction. Thus, Group 
F/W ran much faster during extinction 
than either Group F + W, Group F, or 
Group W. Simply using the two re- 
wards in the goalbox on each training 
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trial, under the present conditions, was 
not sufficient to give any clear indication 
of a GCR. Thus, Group F + W was 
running at about the same speed as 
Groups F and W at the end of each 
extinction day (cf. Fig. 2) and was not 
significantly different from these groups 
after extinction means were adjusted 
by the analysis of covariance. 

These findings can be explained if it 
is first noted that the food reward used 
in the experiment was, operationally, a 
much “stronger” reinforcer than the water 
reward. This conclusion follows from two 
things: (a) Group F ran much faster than 
Group W during training, and (b) Group 
F + W reliably “preferred” food over 
water as determined by first reward selec- 
tionin thegoalbox.* Further, arecentfind- 
ing by Logan, Beier, and Kincaid (1956) 
showed that aperiodic reinforcement of 
a running response with nine food pellets 
on half the training trials and one pellet 
on the other half produced extinction 
performance comparable to that pro- 
duced by giving partial reinforcement 
with nine pellets on half the trials and 
nothing on the other half. Both these 
groups were more resistant to extinction 
than a group given nine food pellets on 
all training trials. On the assumption 
that nine food pellets are a “stronger” 
reinforcer than one food pellet (Logan, 
Beier, & Ellis, 1955), these data suggest 
that varied strength of reinforcements 
during training acts like partial reinforce- 
mentin increasing resistance to extinction. 

Generalizing from the data of Logan 
et al. (1955) to the present findings, it 
would be predicted that Group F/W 
would show greater resistance to extinc- 
tion than the other three groups because 


‘Related to the preference of food over 
water was a finding that has practical sig- 
nificance. Under the drive conditions in this 
experiment, it was found that Ss that are 
both hungry and thirsty will accept dry food 
pellets as reinforcement. Contrary to previ- 
ous reports, Ss in this experiment showed no 
hesitation in accepting dry food pellets in 
either the reward situation or in the ac- 
ceptance of food before water in the daily 
feeding. The small size of the food reward 
may have been a factor here. 
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it was trained with an operationally 
“strong” reinforcer on half the training 
trials and an operationally “weak” rein- 
forcer on the other half. Groups F + W, 
F, and W, on the other hand, received a 
constant “strength” of reinforcement 
from trial to trial, and it would be 
predicted that they would extinguish 
relatively rapidly, as they did. 

It must not be assumed that, in the 
present experiment, simple amounts or 
weights of food and water rewards 
determined reinforcement strength. Al- 
though, for example, Group F+ W 
received only half the weight of food 
that Group F/W received on any one 
trial (both groups, however, received 
the same total weight over all 50 trials), 
the running speeds during training were 
not significantly different. Similarly, 
Groups F and W ran much slower than 
Group F + W although the latter group 
received only half. as much food and 
water on any training trial as the former 
groups. Clearly some effect due to the 
combination of food and water as a 
reward, which was independent of their 
simple weights, accounted for the faster 
training running speed of Groups F + W 
and F/W. 

Finally, the data from spontaneous 
recovery did not give any consistent 
indication of a GCR. These data can 
be accounted for by noting that the 
two groups which did show significant 
spontaneous recovery (Groups F + W 
and F) were the only ones to show any 
appreciable loss in running speed over 
the 10 trials of Day 1 of extinction. 
Consequently, they were the only ones 
which could demonstrate much of an 
increase in running speed on the first 
trial of Day 2 of extinction. 


SUMMARY 


Four groups of rats under hunger and 
thirst motivation were used to investigate 
Skinner's notion of a generalized conditioned 
reinforcer (GCR). The groups differed only 
in the type of reward (food, water, or both) 
and the distribution of the types of reward 
that they received during conditioning of a 
running response in a straight alley. 
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The results showed evidence of a GCR 
in that a group that received either food or 
water reinforcement randomly from trial 
to trial demonstrated greater resistance to 
extinction than groups receiving both food and 
water, only food, or only water from trial to 
trial. 

In addition to the importance of the 
distribution of the types of reinforcement 
in the formation of a GCR, it was suggested 
that differences in reinforcement “strength” 
may serve as an additional variable of some 
importance in developing a GCR. 
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PSYCHOPHYSICAL JUDGMENTS OF PROBABILISTIC 
STIMULUS SEQUENCES! 


WILLIAM SIMPSON ? anp JAMES F. VOSS 
College of Wooster 


The results of simple probability 
learning experiments, such as light 
guessing in a two-choice situation, 
generally support the matching rule of 
stimulus probability and S’s response 
probability (Estes, 1959). These 
findings are in conflict with the results 
of a more complex experiment where 
six probabilistic verbal associations 
were concomitantly learned. In the 
latter experiment, it was found that 
probabilities from .60 to .90 yielded 
systematic overresponding of the re- 
spective stimulus probability, and the 
probabilities of .10 to .40 yielded cor- 
responding systematic underrespond- 
ing (Voss, Thompson, & Keegan, 
1959). One suggestion of the latter 
paper was that the response tendencies 
are related to the probability dis- 
criminations of Ss. The present paper 
reports two experiments designed to 
investigate probabilistic psychophys- 
ical judgments and suggests a relation 
of probabilistic discrimination and 
probability learning. 

The psychophysical investigation 
of thresholds typically involves pres- 
entation of a stimulus event and 
subsequent judgment by S with 
respect to some aspect of the stimulus 
presentation. The present experi- 
ments extend psychophysical investi- 
gation to judgments of probabilistic 
events. The stimulus was a sequence 
of 50 light presentations, where one 
and only one of two lights was 
presented on each presentation, Stim- 

1 The research reported in this article was 
supported by Grant M-3531 of the National 
Institute of Mental Health, 

2 Now at the University of Wisconsin, 


ulus probability was manipulated by 
variation in the relative number of 
each of the two lights in the sequence. 
Judgments made at the end of each 
series of 50 lights regarding the esti- 
mated occurrence of one light pro- 
vided a response measure of estimated 
probability. 


EXPERIMENT 1 


Method 

Two 7-w. light bulbs, labeled A and B, 
were mounted at an equal height on a upright 
board. The light sequences were presented 


by E's manipulations of switches that were 
behind and below the stimulus light board 
and out of Ss’ view. A low volume electronic 
metronome was used to maintain a 1 light/ 
sec rate. 

Eighteen groups of Ss were randomly 
assigned to a 9 X 2 factorial design. The 
nine probability conditions (PC) employed 
were: .10, .20, .30, .40, .50, .60, .70, .80, and 
-90. The light judged, A or B, was orthogonal 
to PC. The N/cell was 10 and groups of 10 
were run whenever possible. 

The stimulus sequences were presented by 
the method of single stimuli (Woodworth & 
Schlosberg, 1954) with the modification that 
each stimulus occurrence was a sequence of 
50 light presentations. Use of this number 
of light presentations enabled the probability 
of one light to vary from 0 to 1,00 in steps of 
.02. Eleven probability values of randomly 
obtained light sequences were used at each 
PC. These values centered about the PC 
value in steps of .02; e.g., the probability 
values of the light judged at the .60 PC were 
50, .52, 54, ..., .66, .68, .70. Upon 
Presentation of each light sequence, Ss judged 
whether the respective light occurred ‘“‘more 
than” or “less than” the particular PC value. 

At each PC, four random series of the 11 
probability values were employed. Thus 
each S made 44 judgments (11 sequences at 
the respective PC X 4 random series of these 
values), 
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| The Ss were students at the College of 
Wooster and were instructed as follows: 


This is an experiment in your ability to 
make accurate judgments regarding the 
frequency of occurrence of lights. You are 
to make the judgments on the paper 
handed out to you. Lights A and B will 
come on individually a given number of 
times. At the end of the sequence, 1 will 
say “Judge.” This means that you are to 
check the word that indicates whether you 
think Light A B came on more than or less 
than per cent of the times I have presented 
the light. So if you feel Light A B came on 
more than per cent, chetk “‘more;” if 
you feel it came on less, check “‘less.”” You 
are to check “more” or “less” but not both. 
Please make no effort to count the lights. 
You are to observe the lights and write 
your judgment when I say “Judge.” 
When you have checked the word, turn 
that page over and do not look at it again. 
Are there any questions? 


` Results 


F Figure 1 presents the percentage of 
more than” responses as a function 
of PCs for the four series. Since one- 
half of the sequences judged at each 
PC were above and one-half below 
the respective PC, the Series 1 data 
indicate a systematic tendency to 
overestimate the sequences at PCs 
greater than .50 and underestimate 
the sequences at PCs below .50. On 
the subsequent three series, the judg- 
< ments of the .60, .70, and .80 PG 

sequences remained above the 50% 


__ SERIES 


ema 


10 20 20 40 50 60 70 80 90 
PROBABILITY CONDITION 
Fic. 1, Percentage of “more than’’ re- 
Sponses as a function of probability condition 
With Series as parameter. 
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response level, and the sequences of 
the .10, .20, and .30 PCs yielded 
responses at approximately the 50% 
level. 

An analysis of variance performed 
on the data of each PC revealed a 
significant Series source of variation 
at each PC except .30 and .50. The 
Light Judged (A or B) and Light 
Judged X Series interactions are not 
significant for any PC. 

Since the data for most PCs indi- 
cated that the significant series effect 
is likely due to differences between 
Series 1 and the remaining three 
series, the data of Series 2, 3, and 4 
were pooled for further analysis. 

The Series 1 data were analyzed 
by a test of skew-symmetry in order 
to determine if the PC data were 
symmetric about the .50 PC. The 
frequency of “less than” responses 
was employed for the .10-.40 PCs, 
whereas the “more than” response 
frequency was used for the .60-.90 
PCs, The analysis consisted of a 
2 X 4 factorial design with the respec- 
tive sources of variation of Above vs. 
Below the .50 PC and Amount Above 
and Below the .50 PC. 

The Above vs. Below source of 
variation is significant (F = 6.56, 
df = 1/152). This finding indicates 
a significantly greater number of 
“more than” responses at PC above 
.50 than “less than” responses at PC 
below .50. The same analysis per- 
formed on the pooled data of Series 
2, 3, and 4 again revealed a signifi- 
cantly greater number of “more than” 
responses at the .60-.90 PCs than 
the “less than” responses at the .10- 
40 PCs (F= 13.59, df = 1/152). 
The Amount and Amount X Above 
vs. Below sources of variation are not 
significant in either the Series 1 or 
the pooled series 2-4 analyses. 

Figure 2 presents psychophysical 
curves for the data of Series 1 and 
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the pooled series 2-4. The .60-.90 
PC pooled Series 2-4 data indicate a 
relatively large frequency of “more 
than” responses over all stimulus 
sequences, but an especially high fre- 
quency at stimulus sequences below 
the particular PC value (e.g., .70 in 
the .70 PC). The Series 1 data of the 
-60-.90 PCs indicate the same ten- 
dencies, with a generally greater 
response frequency at sequences below 
the respective PC values. 

The .10-.40 PC Series 1 data indi- 
cate a corresponding tendency in that 
sequences above the PC value se- 
quences tend to yield relatively fewer 
“more than” responses. The pooled 
Series 2-4 data for the .10—40 PCs 
indicate, however, an increase in 
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Fic, 2. Percentage of “more than” 
Series 1 and pool 
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“more than” responses at sequences 
above the PC value sequences. 

Figure 2 also reveals that the se- 
quences at the particular PC values 
of .60—90 were generally overesti- 
mated in both Series 1 and the pooled 
Series 2-4. The initial tendency in 
Series 1 of the .10-.40 at the PC value 
sequences was to underestimate; but 
in the pooled Series 2-4, judgments 
of sequences at the particular PC 
values varied. 

Table 1 presents the PSE and DL 
values for Series 1 and the pooled 


Series 2-4. The PSE values for 
Series 1 of .60-.90 PCs reflect the 
asymmetric results of Fig. Thus, 


since the responses of the stimulus 
sequences below the respective PC 
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responses for the sequences of each PC with 
led Series 2~4 as parameter. 
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TABLE 1 
PSE anp DL VALUES FOR THE PROBABILITY CONDITIONS OF Exp. 1 AND 2 


Experiment 1 Experiment 2 
PC Pooled Series 2-4 Standard Nonstandard 
„A BSE | DL PSE DL PSE DL PSE DL 
-90 874 | 048 896 027 112 01 
; 896 02 112 014 102 021 
a 300 | — .785 045 -203 .023 .203 046 
3 0 .053 .688 069 308 023 302 053 
«60 067 589 .049 392 022 409 054 
Bo 045 502 039 498 024 511 2033 
7 a 049 400 OW 589 037 592 039 
cN 049 307 036 691 -036 694 033 
a ~ .187 O41 .795 019 .793 048 
10 019 096 .020 891 019 897 022 
1 


sequences received a relatively large 
number of “more than” judgments, 
the 50% response point is found on 
the lower side of the PC value. Like- 
wise, the PSE values of Series 1 for 
the .10~.40 PCs indicate a PSE above 
the PC values because of a relatively 
low level of “more than” judgments 
above the particular PC values. 
The pooled Series 2-4 PSE values 
generally remained on the same side 
of each PC as for the Series 1 .60-.90 
PC values, but for then.10-.40 PCs, 
less consistency occurred. 
The DL values generally indicate 
a reduction in variability on the 
Pooled Series 2-4 compared to Series 1. 
Also, the restriction of variation in 
"sequences near 0 and 1.0 is reflected 
by the small DL of the .10 and .90 
PC conditions. 


Discussion 


The initial tendency to overestimate 
the stimulus sequences at .60-.90 PCs 
is especially associated with overestima- 
po of sequences below each respective 

C value. Tt should be noted that if 
all sequences at the .60-.90 PCs are 
overestimated, there is a greater possi; 
bility for an increase in “more than” 
responses at sequences below the PC 
Value. The initial underestimation of 


the .10-.40 PCs is associated with fewer 
“more than” responses at the stimulus 
sequences above the respective PC. 
The Series 1 PSE values as well as the 
judgments made at the particular PC 
value sequences are in general agreement 
with the asymmetry of responses at the 
respective PC. 

The pooled Series 2-4 data indicate 
that the initial tendencies diminish, al- 
though the .60-.90 overestimation re- 
sponse level persisted more than the 
'10~.40 underestimation tendency. Fig- 
ure 2 reflects these differences in that 
the asymmetry of responses was main- 
tained at the sequences of the .60-.90 
pooled Series 2-4, whereas the .10-.40 
pooled Series 2-4 data indicate more 
symmetric curves. 

The four particular series at each PC 
and practice over the series are con- 
founded in the significant series effect. 
The consistency over PC of the initial 
overestimation of .60-.90 PCs and the 
jnitial underestimation of .10-.40 PCs 
strongly suggests that although a certain 
degree of variability is associated with 
the intraseries differences, the Series 1 
and the pooled Series 2-4 results are 
duelargely toinitial estimation tendencies. 


EXPERIMENT 2 
Method 


Experiment 2 was designed to determine 
the generality of the findings of Exp. 1 under 
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conditions of greater stimulus control and 
more standardized conditions. In particular, 
practice was extended by use of a9 X 9 latin 
square design in which each group of Ss 
served in all nine PCs. In addition, a stand- 
ard stimulus was employed for one-half of the 
Ss. The standard involved presentation of 
the particular PC value to be judged by 
showing Ss light sequences of the PC value. 

The procedure varied from Exp. 1 in that 
one randomly permuted 9 X 9 latin square 
was used for both the standard (S) and non- 
standard (non-S) conditions. The Latin 
letters were the PC values of Exp. 1. Eight 
Ss served in each row of the square. 

Random sequences of 50 lights were pre- 
sented at each PC value, as in Exp. 1, with 
the modification that instead of 11 probability 
values at each PC, 9 probability values were 
used which centered about the respective 
PC value in steps of .02. Furthermore, since 
each group served at each PC, the 9 prob- 
ability values at each PC were permuted for 
the 9 groups (rows) by use of a 9 X 9 latin 
square. Thus, the 9 stimulus probability 
values within each PC were virtually counter- 
balanced over the 9 groups. 

The same latin square was employed for 
the S group as for the non-S group. In addi- 
tion, a standard sequence of lights, which 
always contained the PC value to be judged, 
was presented before each sequence of lights 
to be judged. In order to eliminate the 
possible effect of a particular standard se- 
quence, nine such standard sequences were 
employed at each PC and constituted the 
Greek letters of a 9 X 9 greco-latin square, 

The presentation rate and apparatus were 
the same as those of Exp. 1. Instructions 
were modified only to take into account the 


use of a standard and the changing PC 
conditions. 


Results 


Figure 3 presents the first PC 
judged by all groups in Exp. 1 and 2. 
Experiment 2 data of Fig. 3 were 
analyzed by the same test of skew- 
symmetry used in Exp. 1, with the 
modification that the S vs. non-S 
source of variation was included 
2 X 2 X 4 factorial analysis). The 
significant effect of the S vs. non-S 
conditions (F = 11.0, df = 1/112), 
in conjunction with the lack of any 
significant S vs. non-S interaction, 
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Fic, 3. Percentage of “more than" re- 
sponses as a function of probability condition 
for the first judged probability condition of 


the standard and nonstandard conditions of 
Exp. 2 and for Exp. 1. 


indicated that the non-S group made 
a greater number of responses than 
the S group (“more than” responses 
for .60-.90 PCs and “less than” for 
-10-.40 PCs). The only other sig- 
nificant source of variation is Amount 
of deviation from the .50 PC (F=3.5, 
df = 3/112). However, this result 
only indicates that the .70-.30 PC 
conditions deviated more from the 
50% level than the other three 
Virtually equal Amount conditions. 
The latin square analysis performed 
on the more than response frequency 
data revealed a significant PC source 
of variation (F = 2.34, df = 8/1408), 
and a lack of significance of the S vs. 
non-S and S vs. non-S X PC sources 
of variation. The only significant 
source of variation in addition to PC 
is PC sequence (F = 4.91, df = 8/8). 
Inspection of the PC sequences of the 
latin square revealed that occurrence 
of the .70, .80, and .90 PCs early in 
the sequence produced a greater 
number of “more than” responses 
over the PC sequence, whereas occur- 
rence of the .70, .80, and .90 PCs later 
in the sequence yielded fewer “more 
than” responses over the sequence. 
The psychophysical curves for the 
S and non-S conditions were similar 


to the pooled Series 2—4 curves of 
Fig. 2. The major difference in the 
S and non-S curves is that the S 
condition apparently produced more 
uniform curves with more accurate 
extreme judgments than the non-S 
condition. 

Table 1 presents the PSE and DL 
values for the S and non-S groups. 
The PSE values again generally 
occurred on the same side of the 
respective PC as found in Exp. 1. 
Inaddition, a slight tendency occurred 
for the PSE to be higher in the non-S 
condition. The DL results indi- 
tate that, especially with lower PCs, 
the standard reduced variability of 
judgments. 


Discussion 

The results of both experiments indi- 
cated an initial tendency to overestimate 
PC sequences above .50 and under- 
estimate PC sequences below .50. Fur- 
thermore, Exp. 1 results indicated that 
the former tendencies were greater than 
the latter. The lack of Above-Below 
differences in Exp. 2 suggests that the 
relatively greater estimation of .60-.90 
PC may be a function of the particular 
initial stimulus sequences employed. 

Figure 1 and the significant Series effect 
of Exp. 1 suggest that with practice, 
the initial response levels tend to ap- 
Proach the 50% response level. The 
-60-.80 PCs, however, remained con- 
Sistently above the 50% level and 
Significantly different from the .10-.40 
Cs underresponding. The practice 
effect (Ordinal Position) of Exp. 2 is 
confounded with PC sequences. More- 
Over, since sequence is significant, Exp. 2 
Suggests that the practice effects vary 
With PC sequences previously judged. 
Therefore, because of the use of only 
four series in Exp. 1 and because of the 
PC sequential effects in Exp. 2, no 
Conclusions may be reached regarding 
long term practice effects. In particular, 
the amount of practice necessary to 
reduce the overestimation judgments of 
the .60-.80 PCs of Exp. 1 to the 50% 
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response level, if such effects occur, 
cannot be specified. 

The use of a standard stimulus ap- 
parently has the effect of making more 
accurate judgments early in practice and 
at the extreme sequence values of each 
PC. Moreover, the lack of asignificant 
difference between the S and non-S 
conditions in the latin square analysis 
indicates that the differences of S and 
non-S are essentially eliminated by 
practice. 

It should be noted that the use of 50 
light presentations as a stimulus event 
implicitly contains a sequential factor 
not found in single stimulus events. 
The results of the present experiments 
therefore may be dependent toa presently 
unknown degree on the use of particular 
sequences of 50 lights. 

One methodological problem of the 
present experiments is counting. At a 
1 light/sec rate, there is the possibility 
of counting. However, Ss were not 
provided with any suggestion or material 
to compute percentages, and judgments 
were made in an interval of only 5 sec. 
Moreover, it would be suspected that 
if S counted, he should have each judg- 
ment correct. Inspection of the data 
revealed that no S consistently or even 
often made all correct judgments at any 
PC or in any series. 

The initial tendencies of the present 
results are somewhat in agreement with 
other studies on probability prediction 
and estimation. Neimark and Shuford 
(1959) found that in a two-choice situa- 
tion, Ss instructed to estimate and 
predict the occurrence of events esti- 
mated accurately, but overpredicted a 
compound event which involved simul- 
taneous presentation of two samples of 
matrix elements. The present experi- 
ments however involved judgments after 
a sequence of stimuli, whereas Neimark 
and Shuford (1959) employed judgments 
after each light presentation, and Shuford 
(1959) studied judgments of simultaneous 
stimuli. 

The discrepancy between the one- 
association situation (Estes, 1959) and 
the more complex six-association situa- 
tion (Voss et al., 1959) may be due to 
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the aspects of the stimuli to which Ss 
respond. In the one-association case, 
Ss likely respond primarily to sequential 
characteristics such as run lengths, etc. 
(Anderson, 1960; Nicks, 1959), whereas 
in the six-association paradigm, inter- 
ference is produced between the stimuli 
and responses, and Ss respond not to 
sequential characteristics, but primarily 
to frequencies of the events. Responding 
to frequencies thus produces results 
similar to the present experiments in 
that the probabilities above .50 yield 
overresponding and the probabilities 
below .50 produce underresponding. 

Finally, the present results are relevant 
to decision making in that they present 
a functional relation of subjective prob- 
ability as a function of objective prob- 
ability in a rewardless, riskless situation. 
This function provides a baseline for 
comparison of the relation of subjective 
probability and objective probability 
under conditions of reward and risk 
(Edwards, 1954). 


SUMMARY 


Two experiments were reported on the 
ability of Ss to judge the probability of 
occurrence of a given light. Sequences of 50 
lights were presented where one of two lights 
was shown on each occurrence. Probability 
of a particular light ina 50-light sequence was 
from .10 to .90 in .10 interval steps. At each 
probability value, stimulus sequences were 
presented in random order in probability steps 
of (02, centered about the particular prob- 
ability value. 

The results indicated an initial systematic 
tendency of Ss to overestimate probabilities 
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from .60 to .90 and underestimate probabili- 
ties from .10 to .40. Experiment 1 indicated 
that the former tendency was greater than 
the latter, both initially and after practice. 
Experiment 2 did not provide information 
regarding practice except that sequence of PC 
employed is significant. Initial judgments 
were more accurate when the standard was 
used in Exp. 2. The results are discussed in 
relation to probability learning and decision 
making. 
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PERCEIVED ORDER IN DIFFERENT SENSE MODALITIES? 
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Perceptual d;scrimination and rec- 
ognition requir e, as different stimuli, 
patterns that are formed by intensi- 
tive and qualitative change over space 
ict time. In vision, patterning in 
~ Space appears to be of primary im- 
| portance, while in hearing the impor- 

tant dimension for patterning appears 

tobe time (Hirsh, 1952; Piéron, 1952). 
Discrimination of these patterns re- 
quires a certain resolving power in 
the observer. In visual space the 
resolving power that appears to be 
crucial is visual acuity or the minimal 
separation between two lines or dots 
for perception of two, as it is also for 
Space laid out on the skin. Spatial 
resolving power has also been studied 
S hearing, where it takes the form of 
the minimum separable angle between 
two sound sources for differential 
localization. 

’ For patterns that are articulated in 
time, such as movement in vision or 
touch, and melody in hearing, a 
aie resolving power is required. 

ts measurement, however, is com- 

Plicated by the unidimensional nature 
of time. Figures and forms in visual 

'This work was supported by a grant 


PS) from the National Science Founda- 
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or tactual space may be recognized 
and retain certain form characteris- 
tics even when they are reversed, but 
temporal patterns are quite different 
when they are reversed in time. 
Temporal resolving power must, there- 
fore, be broken down into at least 
two measures: one, analogous to 
spatial acuity, is the minimum time 
that can separate two events so that 
they are just barely nonsimultaneous 
or successive; the other, given that 
two events are perceived as successive, 
requires a judgment of temporal order 
to be made. 

The requirements for separating 
questions of successiveness from those 
of successive order have not only to 
do with experimental method, but 
also with the kinds of stimuli used. 
To investigate the limits of the 
ability to distinguish successive from 
simultaneous events, we need only a 
pair or a series of events about which 
we can ask O whether there were one 
or two or whether the series consisted 
of separate discrete events or one 
continuous event. When we investi- 
gate the ability to recognize temporal 
order, on the other hand, the two 
events in question must be distinctive 
so that O has some way of labeling 


423 


424 


them differently and then of using 
these labels to identify which occurred 
first or second. Two identical stimuli 
that follow each other in time may 
be used to distinguish successiveness 
from simultaneity, but the question 
of successive order is not appropriate 
unless the two stimuli can be identified 
separately. 


Simultaneity vs. successiveness.—One of the 
* Most extensive investigations having to do 
with successiveness was reported by Exner in 
1875. He set for himself the task of deter- 
mining how close together in time two stimuli 
may be and yet be perceived as not simul- 
taneous (ungleichseitig). Unlike more recent 
Es, Exner (1875) explored this temporal 
acuity in different sense modalities. In 
vision, he found that two brief flashes of light 
appeared to be nonsimultaneous when they 
were separated by 44 msec. or more. He 
reported certain variations in the result de- 
pending upon whether the stimulation was 
central or peripheral and upon whether both 
flashes stimulated the same place or different 
places. There were some conditions in which 
he reported apparent movement and in these 
cases he found that movement could be 
distinguished from simultaneity when the 
temporal separations were between 15 and 
20 msec. He regarded movement, however, 
as a kind of artifact and relied more upon his 
44-msec. value as descriptive of the temporal 
resolving power of the eye. 

Jn hearing, using the successive spokes of 
a Savart wheel, he determined that the mini- 
mum temporal separation between successive 
clicks that would give rise to a judgment of 
Successiveness was about 2 msec. The re- 
solving power of the ear was clearly superior, 
When two clicks were delivered separately, 
one to each ear, the minimum temporal 
separation for successiveness was as large 
as 64 msec. Such a large difference probably 
has less to do with the two ears than with 
different experimental tasks, as will be noted 
presently, 

Exner (1875) also reported some experi- 
ments on the minimum temporal separation 
between stimuli, one of which was presented 
to one sense modality and the other to an- 
other. The values are more like the large 
times of the visual temporal resolution or the 
one associated with stimulating the two ears 
separately, and furthermore they are not 
symmetrical; that is, in cases of intermodal 
stimulation, the value of temporal separation 
required for successiveness depended upon 


IRA J. HIRSH AND CARL E. SHERRICK, JR. 


which of the two particular sense modalities 
was stimulated first. 

Now Exner (1875) pointed out that there 
are four conditions under which successive- 
ness versus simultaneity may be studied: (a) 
the stimuli could affect the same sensory 
elements, (b) they could affect different 
sensory elements in the same sense modality, 
(c) they could affect corresponding elements 
in paired sense organs, and (d) they could 
affect different sense modalities. More re- 
cently, Piéron (1952) and Fraisse (1957) 
have pointed out that the perception of 
simultaneity is easiest to obtain when stimuli 
occur at the same place and are presented 
to the same sense modality. Indeed, Fraisse 
(1957, p. 110) has indicated an order of 
difficulty among three classes of conditions 
which correspond to the first, second, and 
fourth conditions of Exner given above. 3 

Particular values for the temporal acuity 
of different sense modalities based upon the 
distinction between successiveness and simul- 
taneity have been given by many authors. 
Exner's (1875) values for vision and for hear- 


Values of temporal acuity for 
the skin are less well established (Geldard, 
1940). There is some evidence that different 
Es have used quite dissimilar cri a for 
tactual fusion. It is clear that this simple 
temporal acuity varies with the sense modal- 
ity used and may indeed be ascribed to the 
resolving power of peripheral mechanisms. 
As Exner’s (1875) values for simple suc- 
cessiveness have been reported in secondary 
sources through the years (James, 1890, pp. 
614-615; Ladd, 1892, pp. 364-366; and 
Troland, 1929, p. 399), they have been lumped 
together with the results of his other experi- 
ments involving stimuli presented to the two 
€ars separately, to two parts of the retina, 
and to two different sense modalities, Fraisse 
(1957) comments that these latter cases of 
heterogeneous stimulation represent condi- 
tions in which Perception of simultaneity 1§ 
difficult to obtain. Indeed, although Exner 
(1875) is not very explicit about the partici 
lar instructions that he gave to his Os, it is 
doubtful that he asked them exactly the same 
questions in cases of homogeneous an 
heterogeneous stimulation. He does comment 
that he did not note a single case in which the 
time difference required for the perception 
of nonsimultaneity was different from that 
required to perceive which of the two stimuli 
came first. But, as has already been point 
out, the question of which came first could not 
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even have been asked in cases where the 
successive flashes of light stimulated the same 
place on the retina or where two Savart-wheel 
clicks followed each other. Those cases that 
Fraisse (1957) regards as difficult for obtaining 
judgments of simultaneity are the very ones 
in which the question of temporal order may 
be asked because the successive stimuli are 
different in quality, in place, or in sense 
modality. One of the conclusions of the 
present paper will be that the important 


. distinction here is not between pairs of stimuli 


delivered to one sense modality as opposed to 
pairs delivered to separate sense modalities, 
as Fraisse (1957) and Piéron (1952) have 
suggested, but rather the more basic distinc- 
tion is between experiments that ask about 
successiveness as opposed to simultaneity and 
those that require the judgment of temporal 
order. This conclusion will be justified if one 
can return to conditions of stimulation in one 
sense modality alone with differentiable 
stimuli whose order must be judged correctly 
and in which the results yield numbers more 
like those derived from heterogeneous stimu- 
lation where one has little choice but to ask 
for judgments of order. 

Auditory perception of temporal order.—If 
two stimuli are presented to the same sense 
modality, are identical in quality and in- 
tensity, and occur in the same place, then one 
cannot ask about order of occurrence because 
there is no way for O to label separately each 
of the two stimuli. Here one is limited to 
asking whether there appear to be one or two. 
In a previous experiment in hearing (Hirsh, 
1959), various pairs of sounds were manipu- 
lated with respect to time of occurrence, and 
in each pair the individual sounds were made 
different from each other with respect to 
frequency (if they were tones), spectrum (if 
they were bands of noise), and duration (if 
the pair consisted of both a brief and a pro- 
longed sound). Under these circumstances, 
He could ask O which sound came first— 
ae belies or lower pitch, the longer or shorter 
eae pe tone or noise, etc. The surprising 
tee rom these various combinations — of 
ie sd was that, whereas a 2-msec. separation 
x cient to yield nonsimultaneity, the time 
intervening between the two sounds that was 
required for judgments that were 75% correct 
was of the order of 20 msec. and was inde- 
Pendent of the kinds of sounds used. The gen- 
crality of this finding within the auditory 
domain suggested the present series of experi- 
ments whose aim it was to extend these obser- 
vations to other sense modalities and also to 
Pairs of stimuli that involved more than one 
Sense modality. 
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EXPERIMENT l: VISUAL ORDER 


The question for Exp. I was: how 
much time must intervene between 
two visual stimuli for O to report 
correctly the order in which they 
occur? The two stimuli were iden- 
tical except that they appeared at 
different places—at two points along 
either a horizontal or a vertical line. 
The O was asked to report on whether 
the left or right or the upper or lower 
light came first; he could not say 
“simultaneous.” 


Procedure 


Flashes of light were generated by electrical 
pulses of 5 msec, duration that fed an ampli- 
fier circuit in the output of which was con- 
nected a Sylvania R-1131C glow modulator 
tube. This glow tube was mounted in a box, 
its end facing O, behind a ground Plexiglas 
screen. A homogeneous illumination was 
achieved over a circular area of 0.5 cm. diam- 
eter. Level of illumination was set at 30 db. 
above absolute threshold. T! he pulses were 
generated by pulse generators (Tektronix 
Model 160) which in turn were driven by a 
single waveform generator (Tektronix Model 
161) in such a way that the time interval 
between the two pulses could be manipulated 
with an accuracy of +1 psec. The sequence 
of two pulses was repeated once'per second. 

The visual targets were placed on a table 
and, for the horizontal displays, were spaced 
18, 36, or 72 cm. apart. With O 2 m. away, 
these separations corresponded to visual 
angles of 5°, 10°, and 20°. When the visual 
targets were disposed vertically, they were 
separated by 18 cm. The three horizontal 
distances were used with a red fixation point 
in the center so that the two white lights 
whose order was to be judged were to the 
left and to the right of center. In addition, 
an 18-cm. horizontal separation was used 
with the fixation point 18 cm. to the left of 
the left target and also 18 cm. to the right of 
the right target. The 18-cm. vertical separa- 
tion was used with the fixation point both 
18 cm. to the left of the vertical line and also 
18 cm. to the right. These various conditions 
were employed to investigate the dependence 
of judgments of visual order upon the region 
of the visual field stimulated and also the 
spatial direction of the change. 

One particular spatial arrangement was 
used in each experimental session. During 
each session 10 presentations of 7 different 
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Fic. 1. Visual temporal order. 
first” as a function of the time 
in milliseconds. (Parameters, 
different spatial arrangements 


; morg 
Average percentage of responses “‘right first” or ae 
by which the right or upper light preceded the left or lower lig A 
indicated by different symbols as defined in the key, ree 
of the two lights. The heavy straight line comes from data 0 


auditory perception of temporal order (Hirsh, 19597.) 


temporal intervals were randomly ordered. 
‘The intervals ranged from 60 msec. with the 
left or lower light leading, to 60 msec. with 
the right or upper light leading, in 20-msec. 
Steps. Four trained Os, between 18 and 30 
yr. old, were tested singly. All sessions were 
repeated a second time with a different order 
of conditions for each O so that the results 
are based upon 20 Presentations of each of 
the 7 temporal intervals under each of the 7 
spatial arrangements. 


Results 


The average percentage of re- 
sponses “right first” for horizontal 
displays and “upper first” for vertical 
displays is plotted in Fig. 1 as a 
function of the time by which the 
right or upper light leads the left or 
lower light. (Negative values on the 
abscissa thus represent the time by 


which the right or upper light lagged.) 
The different symbols denote the 
different distances and spatial ar- 
rangements of the visual targets. On 
the basis of a graphic inspection alone 
it appears that there are not Sys 
tematic differences related to different 
Spatial arrangements. The heavy 
line in Fig. 1 is the line that represe 
judgments of temporal order for 
auditory stimuli, being a sun 
of the several combinations of ou 
Used in a previous study (Hirsh, 
1959). This function, which describes 
the auditory analog of this aT 
ment, may be slightly steeper tha 
line that would be drawn throug 

the average of the present visual da 
but there is not a great differen 
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between the two, certainly not as 
much difference as one would antici- 
pate on the basis of the relative 
speeds with which visual and auditory 
systems are supposed to act. 

Results for mere successiveness (as 
opposed to fusion or simultaneity) 
reveal larger separation times for 
vision than for hearing. When O is 
asked to report on the order in which 
successive events occur (rather than 
on mere su essiveness), however, the 
differences between these two sense 
modalities are small, if indeed they 
are real. 


EXPERIMENT I]; AUDITORY ORDER 
AND SPACE 


Experiment I differed from the 
previous studies on hearing (Hirsh, 
1959) in that in the auditory experi- 
ment the two events whose order was 
to be judged differed from each other 
with respect to qualities like pitch, 
duration, etc., while in Exp. I, the 
two events whose order were to be 
judged were qualitatively the same 
visual stimulus but occurred at two 
different places. In spite of the 
relatively good agreement between 
the visual and auditory results, we 
were interested to know whether the 
auditory results would obtain if the 
two auditory stimuli whose order was 
to be judged were qualitatively the 
same but occurred at two different 
places. 


Procedure 


Poena pulses of 0.1 msec. duration were 
as ed by the same system of pulse and 
These Beieren that were used in Exp. 1. 
naa ses were led separately to electrical 
aie pee circuits. The resonant fre- 
tee these tuned circuits was varied 
a pues use of different fixed capacitors 
ue e damping was also varied through 
es of a variable resistor. 

abe different conditions of stimulation 
erate oes in order to make the two 
sounds whose order was to be judged (a) 

rent with respect to pitch, (b) different 
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with respect to which ear was stimulated, 
and (c) a combination of the first two. 

The first of these conditions constitutes 
a repetition of one of the conditions in the 
previous auditory work (Hirsh, 1959). Here 
both pulses were presented to the same ear. 
One was passed through a circuit resonant 
at 666 cps and the other through a circuit 
resonant at 278 cps. The damping in both 
circuits was so adjusted that the amplitude 
of the damped oscillation that characterized 
the now-filtered pulse decreased to 1/e of its 
original value in 10 msec. Both pulses now 
sounded like brief xylophone notes of high 
and low pitch, which will be referred to here- 
after as the “bing” and the “bong” respec- 
tively. Five new Os, trained young adults, 
were tested singly and asked to report which 
of the two pitches came first, the higher or the 
lower. Bings and bongs were separated by 
10, 20, and 30 msec., with the bing leading 
one-half of the time and the bong leading the 
other half. A random series of 60 trials, 
10 presentations at each of the six temporal 
separations, comprised an experimental ses- 
sion. No stimuli were presented with 0-msec. 
separation because & characteristic quality 
of simultaneity was always observed. 

The second of the three conditions was 
intended to duplicate for the auditory system 
the spatial separation that characterized the 
visual experiment. In this case the two pulses 
were passed through the same high-frequency 
circuit (666 cps), one being led to the left 
ear and the other to the right ear. (We 
presume that this is Exner’s [1875] two-ear 
condition.) The stimuli were now qualita- 
tively the same, the difference between them 
being only the side on which the sound was 
heard. The same six temporal intervals were 
used. No stimuli were delivered with 0-msec. 
separation because we did not wish to con- 
found the judgment of perceived order with 
the intracranial localization of a fused image. 
It should be clear that the temporal intervals 
used were all much longer than are involved 
in localization within the head or even fusion 
of the two stimuli into one sensation. Again 
a random series of 60 presentations, 10 at each 
of the six temporal separations, comprised 
an experimental session. Each of the 5 Os 
was asked to report which sound came first, 
the one on the right or the one on the left. 

Finally, the two dimensions in which the 
auditory stimuli were different in the first 
two conditions were combined so that a high- 
frequency bing was presented to the right 
or left ear while the low-frequency bong was 
presented at the left or right ear, and O was 
asked to report which came first, the sound 
on the right or the sound on the left. His 
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response was still based upon location in 
space, even though the two events that 
occurred at the different places were also 
qualitatively different with respect to pitch. 


Results 


The results of these three sub- 
experiments are shown in Fig. 2. 
The open circles show the percentage 
of judgments “higher first” as a func- 
tion of the time by which the high- 
pitched bing leads the lower-pitched 
bong. The line connecting these open 
circles points to a finding that was 
reported on previously, namely that 
brief stimuli may in fact generate a 
function that is somewhat steeper 
(i.e., yields more precision) than the 
average for all auditory pairs, Judg- 
ments concerning which of two quali- 
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Fie. 2. Auditory temporal order. Aver- 
age percentage of responses “right first” or 
“higher first” as a function of the time by 
which the right ear or the higher pitch pre- 
ceded the left ear or lower pitch in milli- 
seconds. (The open circles show results for 
monaural perception of order between two 
different pitches; the Xs show results for 
perception of order between the ears receiving 
the same pitch, and the filled circles show 
results for perception of order between two 
events that are different both with respect to 
ear and pitch. The straight line summarizes 


previous results in auditory perception 
(Hirsh, 1959],) a 
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tatively identical bings comes first 
when they are delivered separately to 
the two ears are shown by the Xs. 
These points do not appear to deviate 
greatly from the straight line which 
again represents an average of results 
on perceived order for all sound pairs 
used in Hirsh’s (1959) previous study. 
The closed circles show similar results 
for the condition in which the two 
events whose order is to be judged 
are different with respect to both place 
and quality. The lines connecting 
these points indicate a relatively 
broad range of indeterminacy around 
50% between temporal separations 
of +10 msec. Once beyond this 
range, however, the rate at which 
judgments change with increasing 
temporal separation appears to be 
greater than that for other conditions. 


EXPERIMENT lII: PERCEIVED ORDER 
AT Two PLACES 


So far we have demonstrated, 
among other things, that approxi- 
mately the same amount of time is 
required to tell which of two stimuli 
came first when those two stimuli are 
placed on different sides, either in 
external space (visual) or in the head 
(auditory), no matter whether the 
visual or auditory modality is stimu- 
lated. To test the generality of this 
conclusion, we set up a similar experi- 
ment for the tactual system, using 
vibratory stimuli to the index finger- 
tip of the right and left hands. The 
5 Os were the same as those used in 
Exp. II but different from those used 
in Exp. I. We proposed to compare 
the percentage of responses “right 
first” as a function of the time by 
which the right led the left in three 
Sense modalities; auditory, visual, and 
tactual. The first third of the experi- 
ment was already done and comprises 
the data on right versus left clicks 
in Exp. II (the X symbols in Fig: 2): 
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Procedure 


The apparatus and procedure used for the 
yisual part is exactly the same as discussed 
under Exp. I. Only one distance was used, 
18 cm., the two target lights being on the 
same horizontal line with a red fixation point 
halfway between. In the same group of 
50's, each O was asked to say whether the 
right or left light came first as the temporal 
Separation between the two lights was varied 
from 30 msec., with the left leading, to 30 
msec. with the right leading, in 10-msec. 
‘steps. 

The outputs of the same pulse generators 
were fed to a power amplifier whose output 

“was delivered to two Goodmans V-47 vibra- 
tors. These somewhat resonant transducers 
damped the 1-msec. rectangular pulse in such 
a way that the mechanical output, when the 
transducer was loaded by a fingertip, re- 
sembled approximately a half-wave at 100 
cps. The O sat with his arms resting on two 
tablet-arm chairs and his index fingertips 
festing lightly on the vibrators. His wrists 
could remain on the tablet so that only the 
Weight of his finger was supported by the 
vibrator. His task was similar to that in 
the other experiments: pairs of stimuli were 
delivered to the two vibrators and he was 
asked which of the two fingers was stimulated 
first, the right or the left. Temporal intervals 
between the tactual stimuli were varied from 
30 msec., with the left leading, to 30 msec. 
With the right leading, in 10-msec. steps. 


Results 


$ Several attempts were made in pre- 
liminary experiments to collect data 
on the temporal resolving power of 
the tactual system. The Os were 
asked to say which of the following 
paired locations were stimulated first: 
face or toe, finger or palm, finger or 
arm. Wide variations among Os were 
Observed, partly because this particu- 
lar range of temporal intervals serves 
the tactual sense in much the same 
Way as temporal intervals of the order 
of microseconds serve auditory locali- 
zation. For example, when the finger- 
tip and. the palm are stimulated 
ee svely, a time interval of from 
40 msec. appears to be sufficient 
Pea a say which spot was stimu- 
; rst, but for a temporal interval 
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Fic, 3. Temporal order in space. Aver- 
age percentage of responses “right first” as 
a function of the time by which the right 
stimulus precedes the left stimulus in milli- 
seconds. (The different symbols represent 
three different sense modalities, The straight 
line summarizes previous results in auditory 
perception [Hirsh, 19597.) 


only somewhat smaller, for example 
about 15 or 20 msec., there is but one 
stimulus perceived and it is located 
neither at the fingertip nor at the 
palm, but at some place in between, 
depending upon the interval. Data 
from these preliminary studies are at 
best equivocal because of the wide 
variations among Os and will not be 
reported here. 

The particular task described above 
is not so difficult if the places for 
tactual stimulation are on opposite 
sides of the body, namely the finger- 
tips. Results averaged over the 5 
Os are shown by the filled circles in 
Fig. 3. The visual experiment in 
which the targets were placed 9 cm. 
to the left or to the right of a fixation 
point yielded results shown by the 
open drcles in Fig. 3. The Xs are 
taken directly from Fig. 2 and are 
used for comparison with tactual and 
visual data because that particular 
auditory task (which ear was stimu- 
lated first by the same quality click) 
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seems most nearly analogous to the 
tasks of the present experiment. The 
straight line drawn through Fig. 3 is 
again the function that described the 
early auditory results (Hirsh, 1959), 
These results indicate to us that the 
precision for judging temporal order 
between two places is quite the same 
in these three sense modalities. It 
seems reasonable to hypothesize that a 
single quantitative process is shared 
by all three modalities at some point. 
The experiments that follow may aid 
in deciding about the adequacy of 
this hypothesis. 


EXPERIMENT IV: PERCEIVED ORDER 
BETWEEN MODALITIES 


One further experiment seemed in 
order before we could establish the 
generality of data on perceived order 
and their independence of particular 
sense modalities. It has been noted 
that the classical literature on tem- 
poral resolving power did indeed treat 
the problem of perceived order of 
stimulation in two sense modalities 
(Exner, 1875). These data have led 
some to hypothesize that sensations 
in two sense departments cannot be 
so well organized in time as sensations 
in the same sense. But the data for 
the better temporal organization in 
single sense modalities have come 
from judgments of successiveness (as 
opposed to simultaneity) rather than 
from judgments of order. If our 
notion is correct, then the results 
indicate merely how much more time 
1s required for judgments of Perceived 
order when stimuli are Presented to 
the same sense modality. Now we 
wished to test whether similar be- 
havior would be observed when the 
two stimuli in each pair were delivered 
to different sense modalities, 


Procedure 


The apparatus has already been described, 
The additional variation here was that the 
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output of one pulse generator was transduced 
by a glow modulator for a visual stimulus, 
while the second pulse was transduced by the 
vibrator for a tactual stimulus. By varying 
the temporal interval between the two pulses, 
we could vary the time by which the visual 
flash preceded or followed the tactual vibra- 
tion. In this case, O was asked which came 
first, the tap or the flash, 

When either the visual or tactual stimulus 
was to be paired with the auditory, then one 
of the pulses was filtered (666-cps bing) and 
transduced by an earphone. 

The same 5 Os of Exp. II and III were 
tested singly. One session was devoted to a 
particular pair of modalities: either auditory- 
visual, visual-tactual, or auditory-tactual, 
Under each of these conditions, 70 stimuli 
were used, 10 presentations at each of 7 
temporal intervals. All stimuli were main- 
tained at a level 30 db. above threshold. 


Results 


Results are shown in Fig. 4. The 
different symbols refer to the three 
pairs of modalities. The open circles 
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Fic. 4. Perceived order of stimuli affect- 
ing different sense modalities. (The ordinate 
shows the average percentage of responses 
“visual first” as a function of the time sepa- 
rating auditory and visual stimuli [Xs]; 0 
“touch first” as a function of the Ee 
Separating auditory and tactual stimuli 
[filled circles]; or “touch first” as a function 
of the time separating visual and_tactudl 
stimuli [open Circles]. The straight line 
summarizes previous results in auditory 
Perception [Hirsh, 1959].) 
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show the percentage of responses that 
were “touch first” as a function of the 
time by which the tactual stimulus 
led the visual stimulus. The negative 
numbers on the left side of the abscissa 
then would, for this particular set of 
symbols, indicate that the visual is 
leading the tactual stimulus. Simi- 
larly, the closed circles show the per- 
centage of responses that were “touch 
first” as a function of the time by 
which the tactual led the auditory 
stimulus. Finally, the Xs show the 
percentage of responses that were 
“visual first” as a function of the 
time by which the visual flash led the 
auditory click. The straight line is 
again a summary of Hirsh’s (1959) 
previous auditory experiments, and 
except for a few departures at the 
lower left, the points for the present 
three subexperiments seem not to 
deviate greatly from the same function. 


Discussion 


Differences among the auditory, visual, 
and tactual modalities with respect to 
temporal resolving power are well known. 
Judgments of successiveness as opposed 
to simultaneity, in the case of discrete 
Stimuli (the temporal 2-point limen), 
or in the case of a long series of discrete 
stimuli (fusion), show that the visual 
system is relatively sluggish while the 
tactual system is less so, and the auditory 
System seems to be the fastest. 
; More than such simple resolving power 
ìs required when O is asked which of two 
Sensations precedes the other. Temporal 
resolution for successiveness is, to be 
Sure, a necessary prerequisite for this 
Judgment of order, but it is not sufficient. 

€ judgment of order requires that two 


_ Pieces of information must be organized 


Pr respect to time, and the results 
ar present studies seem to indicate 
Pies it does not much matter where 
Po two pieces of information come 
ifere that is, they may come from 
Rachie parts of the same sensory 

anism or they may even come from 
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different sense modalities. The time 
required to insure, for example, judg- 
ments that are 75% correct is approxi- 
mately 20 msec. It is much longer than 
the resolution times that give rise to 
successiveness in any of the modalities, 
although it comes close to that for the 
slowest system, namely the visual. It 
is so much longer than the resolution 
times of the several sense departments 
that it seems to point to some kind of 
time-organizing system that is both 
independent of and central to the sensory 
mechanisms. From this it would follow 
that the data for perceived order are 
similar even though different sense 
departments are used. 

The much longer times obtained by 
Exner (1875) in his experiments can 
be accounted for partly by the psycho- 
physical method he employed. At one 
point Exner described his method as one 
in which a judgment of correct order 
10 times successively was required to fix 
the value of time for perceived order. 
From the present data, such a stringent 
requirement would place the time values 
for all conditions at greater than 40 
msec. This would be about the 98% 
point on the psychophysical functions 
in the figures shown. A word should 
be said about O's task in the experi- 
ments. When O is asked to say that one 
perception equals another, or as in this 
case coincides with another, it is com- 
monly found that he will show some 
variation in preference for the response 
“equal” over responses “greater,” “less,” 
etc. In the present experiments, it was 
found that Os in training complained 
repeatedly that the perceptions were 
simultaneous. They were forced to 
decide on one order or the other, how- 
ever, and the result was as shown. This 
is not a new fact in psychophysics, but 
it has not been clearly stated heretofore 
in connection with the data on temporal 
order. Had the present writers chosen 
the method of average error as the tech- 
nique for obtaining thresholds, it is 
undoubtedly true that the SD would 
have been considerably greater than 
20 msec. 

One of the exceptions to the function 
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that we have come to regard as a general 
rule, namely the straight line whose 
intercept at 75% is 20 msec., is the case 
of two brief auditory stimuli whose order 
is to be judged. In the previous auditory 
study (Hirsh, 1959), there was some 
evidence that the slopes of analogous 
functions, where clicks were paired with 
tones, were somewhat steeper than the 
average slope which was more typical 
of judged order for the onsets of tones 
and noises. This is also seen in the bing- 
bong auditory study represented in Fig. 
2. Broadbent and Ladefoged (1959) 
have suggested that Hirsh’s (1959) 
original results which indicated that 
perceived order could be judged correctly 
with as little as 20 msec. intervening 
between sounds, were a combined result 
of highly trained Os and the fact that 
when the temporal interval between two 
sounds that are already close together 
in time is changed, the overall quality 
of the two-sound complex is changed. 
They suggested that it was on this basis 
that Os were making their judgments 
and this may, in fact, be the case, 
especially for brief stimuli where the 
slope of the function is even steeper. 
However, this kind of judgment of com- 
plex quality cannot be the case in the 
further experiments presented here. To 
be sure, the time intervals used in the 
visual experiment lay in a range where 
sometimes apparent movement was seen 
and there the judgment of “which came 
first” may have been deduced from “in 
what direction did the light move.” 
When the different sense modalities 
were stimulated, however, there is no 
impression of movement; there is rather 
only a first and a second—and the same 


panaon seems to fit the data equally 
well, 


SUMMARY 


A series of studies has been carried out in 
which it has been shown that the amount 
of time that must intervene between two 
events in order for O to report correctly 
(75% of the time) which of those two events 
preceded the other is approximately 20 msec, 
The function that relates percentage of judg- 
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ments to the temporal interval between the 
events appears not to be different even though 
the two events are either two sounds of 
different quality, or two light flashes in 
different places, or two vibrations, one to. 
each hand, or two sounds, one to each ear, 
or two different stimuli, one to each of two 
sense modalities, 

Whereas the time between successive 
stimuli that is necessary for the stimuli to be 
perceived as successive rather than simul- 
taneous may depend upon the particular 
sense modality employed, the temporal 
separation that is required for the judgment 
of perceived temporal order is much longer 
and is independent of the sense modality 
employed. 
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THE PREDICTION OF FREE RECALL FROM WORD 
i ASSOCIATION MEASURES 


ERNST Z. ROTHKOPF anp ESTHER U. COKE 


This is a report of some observa- 
tions on frequency and sequence 
effects in the free recall of individual 
items from*a word list and, on the 
telationshipZof these effects to data 
from word association norms. Such 
Observations are not new in the 
literature. Sequence effects (“cluster- 
ing”) have been described by Jenkins 
and Russell (1952) and by Jenkins, 
Mink, and ¿Russell (1958). Fre- 
quency of recall effects have been 

reported by Deese (1959a, 1959b) who 
showed that nonlist words which are 
common association responses for the 
Words of a list tend to occur as extra- 
list intrusions and that this effect is 
an increasing function of the average 
association frequencies between the 
Words which compose the list and the 
intruding term. Deese (1959a, 1960) 
has also shown that more words were 
recalled from lists with high degree of 
Mtralist associations than from lists 
of low degree of intralist associations. 
The studies referred to above have 
Concerned themselves with overall 
list characteristics and not with the 
| recall of the various individual words 
Within a list although the first Deese 
Study (1959b) indirectly bears on 
this problem. The prediction of 
om from word association norms, 
1 € various individual words with- 
‘Ma list is somewhat complicated by 
the fact that interassociations among 
‘st words are generally complex and 
that NO satisfactory rational basis for 
Weighting these interassociations is 
Mow available. The present experi- 
Ment was intended as a test of a 
Fasonably simple scheme for pre- 
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dicting the recall of individual words 
from word association norms. This 
scheme involves the use of the number 
of words in the list to which a given 
word, W, is normally given as an 
association response, as a predictor 
for the frequency of recall of W. It 
grew from the hypothesis (Bousfield, 
1953) that free recall was in part 
dependent on cuing (“relatedness 
increment”) among list components. 
The scheme was tested on a list com- 
posed of 99 words from the Kent- 
Rosanoff Word Association Test. 


METHOD 


Materials: —The list of stimulus words 
which were used in the free recall task con- 
sisted of 99 words from the 100-word Kent- 
Rosanoff list. One of the words, cheese, was 
omitted because procedural convenience 
required that the number of words in the 
lists be divisible by three. The Kent- 
Rosanoff words were chosen because recent 
word association norms based on large num- 
bers of Ss were available (Russell & Jenkins, 
1954). Each stimulus word was typed in 
capitals on a separate 3 X 5 in. card, 

Procedure and subjects—Three Ss were 
tested at the same time. The deck of stimu- 
lus cards was shuffled and split into three 
numerically equal subdecks. One of these 
was placed face down before each S. At E's 
signals, Ss inspected each card of their sub- 
deck for 5 sec. When Ss had finished viewing 
their subdeck, E reshuffled each subdeck, 
reassigned them, and inspection was con- 
tinued. This procedure was repeated until 
each S had inspected each of the 99 words, 
once, for 5 sec. i 

Immediately following a 15-min. rest 
pause, Ss were asked to write down all the 
words of the stimulus set which they could 
remember. A period of 5 min. was allowed 
for recall. The Ss wrote the recalled words 
on 3 X 5 in. paper pads, one word to each 


page. 
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All Ss (N = 28) were volunteer eleventh 
and twelfth grade students who were paid 
for their services. All Ss were taking a college 
preparatory course. They had participated 
on the previous day in an identification learn- 
ing experiment which did not involve words 
either as stimuli or as response terms. 


RESULTS 


The number of words in the list 
for which a given word, W, is nor- 
mally given as an association response 
will be referred to as W’s cue number 
or Nc. Ne was determined by count- 
ing all stimulus words (except ‘‘cheese’’) 
for which W was given as an associa- 
tion response in the 1952 Minnesota 
norms of the Kent-Rosanoff Word 
Association Test (Russell & Jenkins, 
1954). Only those association re- 
sponses were considered which oc- 
curred either with a normative fre- 
quency of more than 11 or which were 
among the 10 most common associa- 
tion responses to the stimulus word, 
whichever yielded the greater number 
of different association responses. 
Ne was obtained separately for each 
word of the list. The frequency 
distribution for words of various No 
in the list is shown in Table 1 (for 
additional intralist association data 
for the 99 word K-R list see Rothkopf 
& Coke, 1961). The incidence of 


TABLE 1 


INCIDENCE or Worps wira Various Cur 
NuMBer (No) IN THE KENT-ROSANOFF 
List (MINNESOTA 1952 Norms)* 


Ne Frequency Ne 


Frequency 

0 26 9 1 
1 23 10 2 
2 18 11 3 
Hf 11 12 1 

3 13 0 
5 2 14 0 
6 1 15 1 
7 3 16 1 
8 3 >16 0 


* The word “cheese” has been omitted. 
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words for which Nc = 0 is 26. Free 
quency of incidence in general de 
creases as cue number (Nc) goes up. 
Mean frequency of recall for words 
of the same Ne value was plotted 
against Nc in Fig. 1. As indicated 
before fewer observations were avail- 
able for the high than for the low Ne 
values. The high No portions of the 
Fig. 1 plot may therefore be less 
reliable estimates of the frequency of 
recall function than the low Ne por- 
tions. For this reason homogeneity 
of variance throughout the No range 
was tested by the Bartlett technique 
prior to proceeding with an analysis 
of variance. The five Nc values for 
which only one observation was avail- 
able were omitted from this analysis. 
The results of this test did not permit 
the rejection of the homogeneity 
hypothesis (P > .3). The analysis of 
variance, summarized in Table 2, 
shows that variance due to No was 
significantly greater than within-No 
variance (F = 7.01, P < .01). The 
linear component of between-Ne va- 
riance was significant (F = 70.23; 
P <.01). However, the remainder 
variance was also found to be Si 
nificantly larger than the wi 
variance although only at the ‘ i 
level (F = 2.14), An inspection ° 
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the plot suggests that there may be 
some negative acceleration of the 
function. It seems reasonable to 
argue that there is a monotonic, 
increasing relationship between recall 
and Ne. The product-moment cor- 
relation between recall frequency and 
Nc was .62. A simple attempt to 
weight Nc by association frequencies 
did not improve the correlation with 
recall. Weighting of Ne was accom- 
plished by summing the association 
frequencies with which W is given 
for its various stimulus words. These 
sums when correlated with recall 
yield an r of .54. The association 
frequency sums are, of course, highly 
correlated with Ne (r = .84). 

In view of the fact that recall of 
words and their frequency of use are 
positively related (see Underwood & 
Schulz, 1960, pp. 56-57), a serious 
possibility exists that the function 
shown in Fig. 1 was the result of a 
correlation between Ne and frequency 
of use. In order to check this possibility 
correlations were computed between 
No, frequency of recall, and frequency 
of use as estimated from the Lorge- 
Thorndike semantic count (Thorndike 
& Lorge, 1944). The obtained r 
between No and use frequency was 
Al; r between use frequency and 
recall was .18. The partial correlation 
between frequency of recall and Ne 
with the effect of frequency of use 


TABLE 2 


ANALYsIS OF VARIANCE OF FREQUENCY OF 
RECALL or KENT-ROsANOFF WORDS AS 
A Function or Cur NUMBER (Ne) 


Source af MS F. 
Between No 14 142.16 7.01* 
linear i 1424.27 70.23% 
residual 13 43.54 2.14* 
Within No 84 20.28 
Total 98 


*P <.05, 
*P <1. 
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held constant was .609. It must be 
concluded that while Ne and fre- 
quency of use are to some extent 
related, the effect of this relationship 
on the correlation between recall and 
Nc is very small. 

Jf the effect of Ne on recall is to be 
accounted for in terms of a cuing 
mechanism, it should be expected 
that words will be recalled immedi- 
ately after any one of the words for 
which they are normally given as 
association responses with frequencies 
which are in excess of chance. It 
should also be expected that the 
incidence of such sequences will 
increase with Ne even when the fact 
that words with high Nc are recalled 
more often than words with low Ne 
is taken into consideration. This 
was tested in the following manner. 
Whenever a given word followed, in 
free recall, immediately after a word 
for which it was an association 
response, this event was referred to as 
a cue linkage. In order to adjust for 
differences in recall frequency among 
words, the frequency of cue linkages 
in the recall protocols of all Ss for 
every word was divided by the num- 
ber of opportunities for cue linkage 
for that word. Opportunities for cue 
linkage were calculated by subtracting 
the number of times a word was re- 
called first (when no linkage could 
occur) from the total frequency with 
which that word was recalled. The 
mean ratio of cue linkage to oppor- 
tunities for cue linkage is plotted 
against No in Fig. 2. The ratio of cue 
linkage to opportunities for cue link- 
age is an increasing function of Ne. 
This conclusion was supported by 
an analysis of variance, summarized 
in Table 3. Prior to performance of 
the analysis of variance, Bartlett's 
technique was used to test the 
hypothesis of homogeneity of variance 
throughout the Nc range. Again all 


association responses. The 
function was calculated by € 
Function = No/98, The finding 
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ol words, The mean cue linkage over 
the 10 random arrangements was 
feed in the comparison tests. The 
mond chance linkage estimate, rè 
ferred to as RR (randomly chosen 
words in random order) was generated 


by randomly choosing words from 
the word list. The number of 
words chosen was the number of 
words actually recalled by an S$ less 
the number of nonlist responses made 
by that S. That number of “nonlist™ 
terms! was then added to the mam- 
domly chosen words and the resulting 
=t was then arranged in random 
order. This process was repeated 10 
times for cach S's actual recall fre 
quency and the mean of these 10 
Values was used in the statistical 
analysis, Mean cue linkage score for 
the actual recall protocols (AA) was 
9.50. Mean linkage for the AR and 
RR were 1.44 and .84, respectively, 
Because of marked heterogeneity of 
Variance, Friedman's analysis of vari 
ance by ranka (Siegel, 1956, pp. 166- 
172) was used to compare the three 
ditions. The overall 


as well as the AAAR and AR RR 


diflerences were highly significant (P 
< 001), 
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recalled words which has the greatest 
superthreshold habit strength is recalled 
next. When a word is recalled it in- 
creases the habit strength of all its 
association responses by amounts which 
are proportional to the association fre- 
quencies. In this way the position of 
the cued words in the hierarchy of habit 
strengths of words in the list may be 
temporarily changed. Cuing may also 
bring below-threshold habits temporarily 
to above-threshold strength. The failure 
to improve the prediction of free recall 
from cue number by weighting Ne by 
association frequency may be due to 
the fact that the words of the Kent- 
Rosanoff list differ in many other respects 
besides interassociations. It is also 
possible and perhaps likely that available 
word association norms do not provide 
adequate indices of interitem association 
strength and that new indicators need 
to be sought. 


SUMMARY 


It was hypothesized that the frequency 
of recall of a given word W in a free recall 
situation depends directly on the number 
of cues which are provided by other words 
in the list. The cue number of word W was 
defined as the number of words in the learning 
list for which W is normally given as an 
association response in a word association 
test. The hypothesis was tested by exposing 
Ss (N = 28) to each of 99 words of the Kent- 
Rosanoff list for 5 sec, and testing for recall 
after 15 min, ~ 

_ The data supported the following conclu- 
sions: (a) The frequency with which a word 
was recalled was an increasing function of its 
cue number. (b) The frequency with which 
a word was recalled immediately after one 
of the words for which it was an association 
response (cue linkage) was an increasing 
function of its cue number even when the 
effects of recall frequency and chance differ- 
ences due to cue number were taken into 
account. (c) Words which followed one of 
their cues in recall tended to be among those 
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word associations which had association 
frequencies above the median association 


frequency of the association responses (list 


words only) to the cue word. These results 
were consistent with a cuing interpretation 
of the frequency and sequence of recall 
phenomena which were the subject of the 
present study. 
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CONDITIONAL RESPONSE PROBABILITY IN A T MAZE? 


ROBERT S. WITTE 
San Jose State College 


In a previous study (Witte, 1959), 
atrace-fluctuation model derived from 
statistical learning theory was applied 
to choice behavior under sequentially 
dependent reward schedules. An 
adequate test of the theory was 
hampered by the large number of Ss 
with position preferences. The pres- 
ent study attempts to test the theory 
further by using a procedure designed 
to yield within-S comparisons, as well 
as to minimize position preferences. 


„When reinforcement is independent of 
S's responses and occurs on every trial, 
the trace-fluctuation model generates 
the well-known “probability-matching” 
prediction for unconditional response 
probability. When, in addition, trials 
are massed, the model predicts that 
conditional response probability will be 
a direct function of the sequential 
dependencies between reinforcements. 
More specifically, the asymptotic prob- 
ability of a response similar to the one 
reinforced on the previous trial, hence- 
forth called a “repetition” response, 
following Anderson's (1960) usage, is 


Poe ana ae y 
bul 2) = ppa p Nee tO) 


+N) Erat orar J} C1 
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where pa(%) is the asymptotic prob- 
ability of a repetition response; N. is the 
number of elements in the set of common 
stimulus elements; N is the number of 
“trace” elements in the set associated 
with an E; reinforcing event; j is the rate 
at which the N trace elements become 
inactive; t is the size of the time interval 
since E; occurred; 7 is the unconditional 
probability of Ei; ĝ is a sampling param- 
eter; and mii is the conditional prob- 
ability of E; given E; on the previous trial. 
‘According to Equation 1, if the values 
of Nz and j are small, the asymptotic 
probability of a repetition response varies 
approximately from mi; to 7 as a function 
of increases in t, the intertrial interval 
parameter. If the values of Ne and j 
are not small, asymptotic probability 
still varies with #, but the range of 
variation is curtailed in the direction of r. 
Equation 1 refers only to the asymp- 
totic probability of repetition responses 
following one previous reinforcing event. 
If a nonnegligible value of (1— j)‘, the 
quantity representing the stimulus trace, 
spans more than one intertrial interval, 
Equation 1 must be expanded to handle 
traces from more remote events. Such 
an expansion has been done (Witte, 
1959), and henceforth it will be referred 
to as Equation la. ` 
Equation 1a predicts the asymptotic 
probability of repetition responses as a 
function of the number of available 
traces, x, where ¥ ranges in value from 
0 to n. When predicted values are 
plotted against ¥, the form of the result- 
ing function depends primarily on the 
relative value of reinforcement and the 
uence of events.’ Thus, 
if mu>m, an increasing 
ction occurs when the n 
quence of n 
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2 Įn some cases, the form of the function 
also depends on the values of 0 and N./N, 
put this complication is ignored for simplicity. 
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similar events (E,;E,E,E;---), but a 
decreasing cyclical function occurs when 
the n traces originate from a sequence 
of n alternating events (EjE,E,E;---). 
Although too numerous for itemization, 
all possible combinations of reinforce- 
ment values and event sequences yield 
functions which are determined uniquely 
by Equation 1a. ë 

Regardless of the value of x, Equation 
ta generates essentially the same pre- 
dictions as Equation 1 for the asymp- 
totic probability of repetition responses 
as a function of t. To obtain a single, 
composite prediction from Equation 1a 
for a particular value of ¢, one can find 
the expected predicted value over all 
possible sequences of n events, As this 
procedure is repeated for larger values 
of t, the expected value approaches m 
in agreement with the trend predicted 
by Equation 1 for the special case where 
x= 1. 

Several studies lend qualitative 
support to the predictions of the 
trace-fluctuation model for the massed- 
trial case. Both Engler (1958) and 
Anderson (1960) used human Ss in a 
verbal conditioning design involving 
Sequentially dependent rewards. In 
general, these Es found probability 
matching between conditional (and 
unconditional) response and reward 
probabilities. After analyzing hereto- 
fore unpublished data, Engler (1958) 
also reported that Ss in the study by 
Hake and Hyman (1953) matched 
conditional response and reward 
probabilities, 

Anderson (1960) tested two models 
from statistical learning theory, in- 
cluding one Proposed by Burke and 
Sstes (1957) which has many proper- 
ties in common with the present 
theory. He found large and con- 
sistent terminal differences between 
predicted and obtained values when 
mii < 40. Anderson also suggested 
that neither model which he tested 
was able to account for the observed 
Proportions of repetition responses 
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following various sequences of rein- 
forcing events. 

The trace-fluctuation model was 
tested explicitly in a T maze study 
with rats (Witte, 1959), As trial 
spacing was increased from 8 sec. to 
1 hr., the terminal proportions of 
repetition responses approached ~ in 
accordance with theoretical expecta- 
tions. However, the quantitative fit 
between theory and data was not 
conspicuously successful for either 
the above analysis or a more detailed 
dealing with behavior following various 
reward sequences. 

These discrepancies may have been 
caused by the selective elimination of 
Ss with position preferences. The 
remainder of this paper describes an 
attempt to test the theory under 
conditions designed to minimize posi- 
tion preferences or, at least, to avoid 
the selective elimination of Ss. 


METHOD 


Design —The major independent variables 
were two symmetrical, sequentially dependent 
reward schedules and four intertrial intervals, 
Except for the 24-hr. interval between experi- 
mental days, all Ss worked under a 12-sec, 
interval during the 360-trial “acquisition 
series. Then, presumably after a behavioral 
asymptote had been reached, Ss under a 
given reward schedule were divided at random 
into four groups. These groups underwent 
50 “asymptotic” trials in each of four inter- 
trial intervals in accordance with a systemati- 
cally selected latin square design. The inter- 
vals were 12 sec., 32 sec., 3 min., and 30 min. 

A correction procedure insured that each 
S was rewarded equally often on both sides 
of the T maze. Approximately three-fifths 
of the Ss worked under an “alternation 
reward schedule in which E; followed E; 10% 
of the time, while E; followed E; 90% of the 
time. The Temaining Ss worked under a 
“repetition” reward schedule in which Es 
followed E; 90% of the time, while E; followed 
E; 10% of the time. A reward schedule was 
predetermined separately for each S over an 
initial block of 60 trials and subsequent 
blocks of 50 trials. These schedules were 
constructed from tables of random numbers 
with the restriction that the sequence Te- 
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flected, within a margin of one event, the 
unconditional and conditional frequencies 
specified in the experimental design. 

Several features of the design merit addi- 
tional comment. Previous findings (Witte, 
1959) indicated that position preferences 
occurred most frequently among Ss under 
highly distributed trials and among Ss under 
alternation reward schedules. In an attempt 
to minimize the former effect, trials were 
massed during the acquisition series for all Ss, 
and to compensate for the latter effect, a 
majority of Ss were assigned to the alternation 
schedule. Notwithstanding these precau- 
tions, a large incidence of position preferences 

[ occurred among the alternation Ss during 
Acquisition. Accordingly, only the repetition 
Ss were rotated through the four intertrial 
intervals of the asymptotic series. 
Apparatus.—The apparatus, a simple T 
maze, has been described elsewhere (Witte, 
1959). In the present study, a heavy card- 
board partition, extending from the maze 
table to the ceiling of the experimental room, 
Separated the two branches of the maze 
Í from a desk chair which straddled the stem 
ofthe maze, The partition had two 8} X 18} 
in. horizontal apertures which permitted Æ 
to observe Ss’ movements in the branches. 
Covered with light blue gelatin paper (#129, 
Rosco Lab.), the apertures functioned as one- 
Way screens, since the only light sources in 
the room were three 100-w. bulbs on the 
branch side of the partition. 

Procedure-—A 22}-hr. food deprivation 
Schedule was enforced throughout the experi- 
Ment. All groups of Ss participated in a 
counterbalanced design yielding a mean 
deprivation of 20 hr. at running time. 

After a 12-day training period, described 
elsewhere (Witte, 1959), trials in the T maze 

Were begun. An additional 12 days elapsed 
before Ss’ running times permitted the 

-© desired five trials per day. On each trial, 

"after S had been placed in the startbox, the 

"Gates at the startbox and at the choice point 

Were raised. When S's entire body had 
entered a given branch alleyway, these gates 
Were lowered, and one of the goalbox doors 
Was unlocked according to a predetermined 
Schedule. If S ran to the side containing 
the locked door, he was forced to return to 
the choice point and proceed to the other side. 
After S had eaten a .045-gm. food tablet (P. 

__ J. Noyes Co.), he was removed from the goal- 
box and placed in an individual detention 
cage for a prescribed period of time before 
receiving the next trial. 

By definition, the intertrial interval began 
d when E removed the lid of the goalbox, and 
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it ended when S reached the choice point on 
the next trial. Since the time required by 
most Ss to get from the startbox to the choice 
point stabilized at about 2 sec., the intertrial 
interval could be specified within a small 
margin of error. Because of the correction 
procedure, the size of the intratrial interval 
was relatively variable, but it averaged about 
8 sec. g 

A pilot study showed that a single E 
tended to be harried, and as a result, prob- 
ably cued the location of the reward on some 
trials. In order to minimize inadvertent cues, 
Es worked in pairs. One E handled Ss and 
operated the gates in the maze stem, while the 
other Æ, sitting in the desk chair described 
above, recorded Ss’ responses, controlled 
the goalbox doors, and timed the intertrial 
intervals. All Es were closely supervised, 
and special meetings were conducted to insure 
a uniform treatment. 

Subjects—The Ss were 64 naive hooded 
rats between 5 and 6 mo. of age at the begin- 
ning of the experiment. Three fatalities 
occurred during the experiment, and 6 Ss 
were discarded because they consistently 
refused to run in the maze, 


RESULTS 


The response was defined as the 
first choice of S on each trial. Left 
and right turns at the choice point 
were designated as A1 and Ag re- 
sponses; food rewards in the left and 
right goalboxes were identified with 
E, and E: events. Unless noted 
otherwise, all analyses were based 
on responses from ‘Trials 2-5 of each 
experimental day, and terminal esti- 
mates of response probability for the 
acquisition series were derived from 
the last 20 days of the series. 

Unconditional probabilities: —Accord- 
ing to statistical learning theory 
(Estes, 1954), the terminal Are- 
sponse proportions of individual Ss 
should approximate a binomial dis- 
tribution about m. To test the group 
mean or r prediction, terminal esti- 
mates of .51 (sp = 046) and .52 
(sp = 014) were obtained for the 31 
alternation Ss and the 24 repetition 
Ss during the acquisition series, and 
an estimate of .48 (sp = .018) was 
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obtained for the repetition Ss during 
the 40-day asymptotic series. Ob- 
viously, none of these estimates devi- 
ated significantly from the predicted 
value of m = .50. 

To test the binomial prediction, the 
expected distribution of Aj-response 
frequencies was determined for Ss 
within a given group by referring to 
tables of the binomial distribution 
(Office of Chief of Ordnance, 1952), 
and the discrepancies between ob- 
tained and expected frequencies were 
evaluated by computing D, the sta- 
tistic associated with the Kolmo- 
gorov-Smirnoy test for goodness of 
fit (Siegel, 1956). 

The terminal distribution of A, 
responses for the alternation Ss dur- 
ing acquisition departed significantly 
(D = .39, P < .01) from binomiality. 
A further analysis revealed that non- 
binomiality was caused primarily by 
the large incidence of Ss with position 
preferences. More specifically, 22 
of the alternation Ss fell outside the 
99% acceptance interval for -50. 
The stability of these preferences was 
indicated by their early appearance 
during the 80-day acquisition series. 
For example, over one-half of the 
preferences appeared during the first 
30 days. It should be noted, however, 
that there was no consistent prefer- 
ence among the 22 Ss for a particular 
side of the maze. This was also the 
case for all other subgroups of Ss with 
position preferences in the present 
study. 

Although the repetition Ss also 
departed significantly (D = .37 and 
38, P < .01) from binomiality during 
the terminal phase of acquisition and 
the first asymptotic rotation, they 
approximated (.15<D<.17, P>.20) 
the predicted distribution during each 
of the last three asymptotic rotations, 
The two departures from binomiality 
by the repetition Ss were due mainly 
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to bimodality and skewness, rather 
than to a large incidence of position 
preferences. Thus, in the acquisi- 
tion analysis, 3 Ss barely exceeded 
the 99% acceptance interval for .50, 
their preferences appearing only dur- 
ing the final 20-30 days. In the 
asymptotic analyses, a total of 6 Ss 
fell outside the acceptance interval 
during at least one rotation. Typi- 
cally, these preferences lasted only for 
one rotation, and they were distrib- 
uted evenly among the four rotations 
and the four intertrial intervals. 

The m and binomial predictions 
were also applied to A, responses on 
first daily trials during the last 20 
days of acquisition for both groups, 
and during the 40 asymptotic days 
for the repetition Ss. In all three 
cases, although the resulting mean 
estimates deviated insignificantly from 
m, the distributions departed sig- 
nificantly (.32<D<.42, P <.01) from 
binomiality. In every case, the 
departure from binomiality was caused 
primarily by the large number of 
position preferences: 17 for the alter- 
nation Ss, and 15 and 12 for the 
repetition Ss during the acquisition 
and asymptotic series. These results 
for the repetition Ss, when compared 
with the previous paragraph, indicate 
less stereotypy during later daily 
trials, A 

Conditional probabilities—In this 
section, measures of conditional re- 
sponse probability reflect the per- 
formance of all Ss within a given 
group. Unless noted otherwise, it 
may be inferred that no appreciable 
difference existed between the overall 
measure and that for any subgroup 
of Ss without position preferences. | 

In addition to minimizing position 
preferences, the acquisition series was 
introduced to produce a stable pro- 
Portion of repetition responses before 
E manipulated the size of the inter 


Ps 7 E _ 
Ji ag ag a ‚aaaea ——— 


CONDITIONAL RESPONSE PROBABILITY IN A T MAZE 


3 
T 


© REPETITION (n"24) 


3 
T 


© ALTERNATION (n"3) 


È 


PROPORTION OF REPETITION RESPONSES 
f- 
T 


ol 
BLOCKS OF 40 TRIALS 
Fic. 1. Obtained proportion of repetition 
responses during acquisition. 


trial interval. The acquisition curves 
for repetition responses are shown 
in Fig. 1. Both groups fell above the 
50% level in the initial trials. Fol- 
lowing rapid changes over Trials 
21-80, i.e., Days 13-28, the alterna- 
tion Ss «pproached a terminal value 
of .44 (sp = .016), and the repetition 
Ss stabilized at .78 (Sp = .013). The 
curve for the subgroup of 9 alter- 
nation Ss without position prefer- 
ences was lower by -03 than the 
alternation curve of Fig. 1. Because 
of the large incidence of position 
preferences among alternation Ss, no 
giper results will be given for these 
Ss. 

During the asymptotic series, as 
will be recalled, the repetition Ss 
spent 10 days under each of the four 
intertrial intervals. According to the 
theory, the asymptotic proportion 
of repetition responses for these Ss 
should approximate 7 as trial spacing 
increased. The obtained proportions, 
shown in Table 1, provide qualitative 
support for this prediction. 

An analysis of variance was per- 
formed over the obtained proportions 
summarized in the first four intervals 
of Table 1. The effects associat 
with rotation period, order of presen- 
tation, and within-S interaction were 
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not significant, while, not unexpect- 
edly, the intertrial interval effect 


was significant (F = 14.06, df = 3/6, 


P < 001). A further analysis of the 
latter effect indicated7that all paired 
comparisons, except the one between 
12- and 32-sec. intervals, reached at 
least the. .05 level of significance. 
A final analysis compared performance 
under the 12-sec. interval during the 
asymptotic series and during the 
terminal portion of the acquisition 
series. The resulting mean difference 
of .03 was not significant, as expected, 
assuming that a behavioral asymptote 
had been reached during theacquisition 
series. 

Values of six parameters were 
required before the predicted propor- 
tions in Table 1 could be derived from 
Equation 1a. Three of these param- 
eters, including the mean intratrial 
interval parameter, 6, which appears 
in Equation 1a, were evaluated prior 
to an inspection of the repetition 
response data. Their values were 
xg = 90,5 = 50, and ¢ = 8. 

The remaining parameters were 
estimated from the repetition response 
data after a simplifying assumption 
had been made. According to the 
theory, if no traces from previous 
reinforcing events are present on a 
given trial, only the set of common 
stimulus elements remains to be 


TABLE 1 
PROBABILITY OF REPETITION RESPONSES AS 


A FUNCTION OF INTERTRIAL INTERVAL: 
AsyMPTOTIC SERIES 


Intertrial Interval 


Probability: 


ser, | 32 Sec: | 3 Min. [30 Min.| 24 Hr. 
Predicted as | .74 | -73 60 | 52 
Obtained 1 73 66. 61 53* 
SE» ‘019 | .021 (022 | .017 016 


s Based on first daily responses: during the asymptotic 


ies. F 
e Standard error of obtained probability. 
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sampled, and therefore, the asymp- 
totic proportion of repetition re- 
sponses on that trial should equal m 
(plus a small ‘‘correction” term). 
The proximity of m and .53, the ob- 
tained proportion of repetition re- 
sponses on all first daily trials during 
the asymptotic series, implies that no 
traces spanned the 24-hr. interval 
between experimental days. This 
inference receives additional support 
from an estimate of .52 for first daily 
trials during the last 20 days of the 
acquisition series, 

The simplifying assumption had sey- 
eral immediate consequences. First, 
the difference between observed pro- 
portions of repetition and ‘alternation 
responses on first daily trials provided 
a sequential estimate of @ (Burke & 
Estes, 1957; Estes & Straughan, 
1954). A sequential estimate of .04 
for @ was obtained from the above 
Proportion for the acquisition series, 
rather than its asymptotic counter- 
part, in order to avoid estimating 
Parameters with to-be-predicted data, 

Second, it could be inferred that 
not more than one trace was present 
on Trial 2 of each experimental day. 
Accordingly, Equation 1, instead of 
the more elaborate Equation 1a, was 
used to obtain estimates of .001 for 
Jj, the rate of decay, and .95 for NAN, 
the ratio of common elements to trace 
elements. These estimates repre- 
sented solutions for a pair of expres- 
sions involving Equation 1 and two 
data points; the proportion of repeti- 
tion responses on Trial 2 during the 
last 20 days of acquisition and the 
proportion on Trial 2 during the 10 
asymptotic days which Ss spent under 
the 30-min. intertrial interval, 

Given the value of the intertrial 
interval, as well as the values of the 
six parameters, Equation 1a predicted 
the proportion of repetition responses 
on a particular daily trial as a function 
of each possible sequence of rewards, 
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The number of possible reward se- 
quences equaled 0, 1, 2, 4, and 8 for 
daily Trials 1-5, respectively,’ To 
obtain a single, composite predicted 
value for any interval in Table 
1, every prediction of Equation 1a 
was multiplied by the observed rela- 
tive frequency with which its asso- 
ciated reward sequence had occurred, 
and these products were summed 
across all possible daily sequences. 

A comparison of predicted and 
obtained proportions in Table 1 re- 
veals a fairly large discrepancy at the 
3-min. interval (t = 3.0, P < 01); 
Otherwise, the fit was excellent, 
particularly since only data from 
the 30-min. interval were used in 
estimating theoretical parameters. 

Sequence probabilities —An analysis 
of repetition responses as a function 
of daily reward sequences permits 
a more incisive, “fine-grained” test 
of Equation 1a. To facilitate this 
analysis, the immediately preceding 
reward, relative to which the repeti- 
tion response was defined, is denoted 
by 1, regardless of whether it was an 
E1 or E; event. More remote events 
are designated 1 or 2, depending on 
whether or not they differed from 
the referent event, Th us, for example, 
the symbol R(221) represents the 
Proportion of repetition responses on 
Trial 4, given the referent event on 
Trial 3 and the alternative event on 
Trials 2 and 1. Note that the num- 
bers in the above parentheses read 
from right to left. T he present 
tabulational procedure differs from 
those used by Anderson (1960) and 
Nicks (1959) in that the data from each 
trial are being considered separately. 

Table 2 shows the 10 most fre- 
quently occurring R values for the 
repetition Ss, ranked according to 
Predictions from Equation la. Ex- 
cept for an occasional reversal, nota- 


3 For example, the two possible reward 
Sequences on Trial 3 were E,E; and E;E;. 


| 
| 


| 


\ sec, interval. 


CONDITIONAL RESPONSE PROBABILITY IN A T MAZE 445 


TABLE 2 


PROBABILITY OF REPETITION RESPONSES AS A FUNCTION OF REINFORCEMENT 
SEQUENCES: REPETITION Ss 


Blocks of 40 Trials 


Sequence | N» Acquisition Asymptotic Interval 


R(1111) | 160 | -80 94 | .86 | .90 | .85 89 | .91 | -88 | -85 Aide pratt 
R(111) | 184 "93 | 85 | -89 | -85 ‘82 | .88 | -88 "gg | .83 | .70 | -67 
R(11) 213 | .75 | -81 78 | -87 | -11 "86 | .84 | -85 ‘79 | .77 | -65 
RON 242 | .65 | -68 “73 | 69 | -66 "73 | .70 | -68 ‘67 | 67 | 57 
R2111) | 19 | -78 ‘76 | .74 | -82 | -16 ‘7A | .68 | .67 ‘67 | 62 | -62 
R(211) 21 | .62 | 62 "56 | 59 | -65 "50 | .63 | .39 ‘61 | 41 | .50 
R(2211) | 23 | -68 "71 | 50 | -65 "53 | .52 | 47 "50 | .25 | .31 | .62 
R(21) 22 | 46 | 47 | 40 "32 | 50 | .43 ‘37 | .26 | 33 45 | 36 
R(221) 22 | 55°) 4t "22 | .26 | 35 ‘40 | .32 | .23 31 | 30 | .35 
R(2221) | 22 | 33 26 | .24 | -35 "34 | .20 | .22 07 45 | .26 23 


Summary a | 12a) 10 Roel ena i 4 | 0 


= eres am highest pakkie in terms Se predicted Nee 
ean total fre G of occurrence lock 0! trials. 
b Mean total treats R(Ziii)) > RU) for. tei R als a and R@II) > REL) > RU) for the 1800- 


discrepancies between predicted and ob! 


I'he letter d refers to the sum of the absolute falne renee and TN 
a maximum value of 50. 


bly at the fourth block of acquisition The large and consistent obtained 
trials and at the 3-min. interval, the differences between selected pairs of 
qualitative fit between predicted and R values, €-.» R(1111) and R (2111), 
obtained ranks improved progressively implies that Ss’ behavior was influ- 
and was eventually quite good. enced by the more remote daily 
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Fic. 2, Predicted and obtained R values during the four intertrial intervals 
of the asymptotic series. 
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rewards. With minor exceptions, 
however, the rank distributions for 
the four most frequently occurring R 
values in Table 2 failed to reflect 
Jarvik’s (1951) negative recency ef- 
fect. Instead, in agreement with the 
theory, repetition responses occurred 
more frequently as sequences of 
similar events increased in length. 
The asymptotic R values for the 
repetition Ss were also compared with 
the set of exact predictions which 
had been computed previously to 
determine the expected proportions 
in Table 1. Inspection of Fig. 2 
reveals that Equation 1a consistently 
overestimated R values for dissimilar 
events (P < .01), and underestimated 
R values for similar events, although 
the latter tendency was not signifi- 
cant, according to a binomial test. 
Generally speaking, the discrepancies 
were smaller for similar events than 
for the less reliable dissimilar events, 
The best fit between theory and data 
occurred at the 32-sec. interval, while 
the poorest fit occurred at the 3-min. 
interval, where the theory over- 
estimated all R values except one. 


Discussion 


The trace-fluctuation model was for- 
mulated originally to account for condi- 
tional response probability as a function 
of trial spacing. In a previous study, 
and especially in the present one, its 
predictions for the trial-spacing variable 
were confirmed, primarily for the repeti- 
tion Ss. When predictions were ex- 
tracted for the conditional response 
probabilities of repetition Ss as a func- 
tion of various reward sequences, both 
the qualitative and quantitative fits 
between theory and data were good, 
notwithstanding the appearance of some 
fairly consistent discrepancies in the 
quantitative fit. 

Unfortunately, because of the large in- 
cidence of position preferences among 
the alternation Ss, an adequate test of the 
theory still is lacking for these Ss, 


ROBERT S. WITTE 


During massed trials, substantially more 
position preferences appeared among the 
alternation Ss in the present study than 
among those in a previous study (Witte, 
1959). Although the two studies are 
not strictly comparable because of dif- 
ferences in procedure and Ss, an im- 
portant factor may have been the 4-sec. 
increase in trial spacing for the present 
study. This conjecture is strengthened 
by the fact that in the earlier study, 
position preferences appeared among 
almost all of the alternation Ss under a 
30-sec. intertrial interval. Thus, to 
minimize position preferences among 
alternation Ss in future studies, it seems 
advisable to train Ss under trials which 
are as highly massed as possible. 

The theory did not fare so well when 
it was checked against the sequence 
data reported by Anderson (1960) for 
nine groups of human Ss, each of which 
received a different sequentially de- 
pendent reward schedule. In general, 
when his R values for Trials 101-300 
were ranked according to the qualitative 
predictions of the theory, the agreement 
between predicted and obtained ranks 
was rather poor, particularly for se- 
quences of dissimilar events. For ex- 
ample, when mi; = .70, Anderson found 
R(1)>R(21)>R(121) >R(2121) rather 
than the predicted R(1) > R(121) > 
R(2121) > R(21). An obvious implica- 
tion is that the model may require 
modification if it is to account for human 
data. 

The present findings, coupled with 
others (e.g., Engler, 1958), testify to the 
complex effect of sequentially dependent 
rewards on behavior. Since behavior is 
apparently a function of more remote 
events, as well as the immediately pre- 
ceding event, an analysis of sequence 
effects is mandatory. Although addi- 
tional studies with both human and 
animal Ss are required, animal studies 
seem appropriate at this time. When 
the Ss are animals, Æ can conveniently 
minimize the effect of more remote 
events, and thereby simplify his analysis, 
by merely introducing a series of large 
intertrial intervals, a procedure that 
tends to be impractical for human $5. 


This advantage should outweigh the 
inconvenience of position preferences. 


SUMMARY 


A model derived from statistical learning 
' theory was tested with rats in a T maze. 
The major independent variables were two 
sequentially dependent reward schedules and 
four intertrial intervals. After preliminary 
training under massed trials, the Ss under a 
given reward schedule were rotated through 
each intertrial interval in accordance with a 
latin square design. 

During preliminary training, position 
preferences were minimal for Ss under the 
“repetition” schedule, but not for Ss under 
the “alternation” schedule. Subsequently, 
only the repetition Ss were rotated through 
the intertrial intervals. The conditional 
response probabilities for these Ss declined 
as a function of trial spacing. In general, 
the theory successfully predicted changes 
in conditional response probability as a func- 
tion of both trial spacing and various se- 
quences of rewards. 
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AN APPLICATION OF STIMULUS SAMPLING THEORY ~~ 
TO SUMMATED GENERALIZATION ! 


TERESA S. CARTERETTE? 


Indiana University 


The general paradigm for experi- 
ments demonstrating summated gen- 
eralization used, for example, by 
Kalish and Guttman (1957) with 
pigeons and by Bilodeau, Brown, and 
Meryman (1956), with human Ss, 
is to reinforce a response at two points 
in a stimulus dimension and, then, 
to test for generalization along the 
dimension. The present study repre- 
sents an attempt to go beyond 
Bilodeau, Brown, and Meryman by 
obtaining a more precise determina- 
tion of the form of the summated 
gradient for human Ss and by relating 
its specific properties to the separation 
between training stimuli. In addition, 
the experiment tests a mathematical 
model for stimulus generalization along 
a substitutive dimension (Stevens, 
1957) derived from the Estes-Burke 
probabilistic theory of behavior. 

Bas'c to the model is the assump- 
tion that, for equal intervals along 
the dimension, P(Y) = f(AS) is a 
linear function with negative slope. 
The dependent variable, P(Y), is the 


1 This paper is based on a PhD dissertation 
submitted to the Graduate School of Indiana 
University. The work was executed while 
the author held a National Institutes of 
Health Predoctoral Research Fellowship 
under the sponsorship of W. K. Estes who 
provided valuable counsel at all stages of 
the project. 

*Now at Institute for 
Research, Tufts University. 

_ `A preliminary presentation of the applica- 
tion of stimulus sampling theory to stimulus 
generalization phenomena has appeared in 
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probability of the conditioned re- 
sponse; and (AS) is a change along 
the physical scale of the training 
stimulus. While Guttman and Ka- 
lish’s (1956) data for pigeons respond- 
ing to the wavelength of light gen- 
erally support the assumption of 
linearity, human Ss responding to 
the position of a light (Brown, 
Bilodeau, & Baron, 1951) showed 
such a great drop in response level 
at the test stimulus immediately 
adjacent to the training stimulus that 
clearly most of the gradient was not 
being adequately sampled. To avoid 
this high degree of discriminability, 
the position of the light in the present 
situation was varied over a continuous 
field rather than with discrete lamps 
as in the earlier experiment. 

The rationale underlying the simple 
generalization model and the predic- 
tions for summated generalization 
are elaborated formally in a later 
section. Briefly, each stimulus in 
the simple gradient is associated with 
a set of elements; and some of the 
elements in each of the sets cor- 
responding to each of the generalized 
stimuli are assumed to be also present 
in the set corresponding to the train- 
ing stimulus. Since the theory relates 
response probability directly to the 
proportion of stimulus elements con- 
ditioned to a response, the extent to 
which a test stimulus elicits the 
reference response reflects the pr opori 
tion of elements which it shares wit 
the training stimulus. In the sum- 
mated generalization case where the l 
same response is conditioned to twoi 
stimuli in the dimension, response 
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probability should be determined by 
the proportion of elements which a 
given test stimulus shares with the 
two training stimuli. 

Application of the assumptions of 
the set theoretical model (Burke & 
Estes, 1957) to the simple generaliza- 
tion data obtained in Part I of the 
experiment provided parameter esti- 
mates for the a priori predictions 
tested in Part 11, a summated general- 
ization experiment. Predictions per- 
tained to three aspects of the sum- 
mated generalization gradients. It 
was expected that: (a) the height at 
the two training stimuli would be 
identical to that obtained in the 
simple generalization experiment, (6) 
midway between training stimuli, the 
height of the gradients would de- 
crease as the separation between 
training stimuli increased, and (¢) 
the slopes of the outer segments of 
the summated gradients would be 
identical for all separation groups. 


METHOD 
Subjects 


The Ss were 240 Indiana University under- 
graduates. Forty-eight provided the data 
for the simple generalization gradients; and 
the remainder provided the summated 
generalization data. 


Apparatus 


, The apparatus enabled Æ to present a 
2i-in. square of light for 1 sec. at different 


positions along a horizontal line. The S 
faced a black panel which supported a 5 in. 
high by 44 in. wide field of sand blasted plate 


glass on which the stimulus light appeared. 
Che walls and ceiling of the room were black; 
and ambient light was provided by a 7.5-w. 
frosted ceiling bulb situated directly above S. 


Design 


Simple generalization—For Group C (Cen- 
ter) the training stimulus was located ex- 
actly midway between the left and right limits 
of the field; and for Group Q (Quarter), 
it was one-fourth the distance from its left 
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border. The remaining stimuli were to the 
right of the training stimulus and covered a 
3.5-in. range in 4-in. steps. 

Summated generalization—For the Center 
groups the left-hand training stimulus was 
at the midway position and for the Quarter 
groups, at the point one-fourth the distance 
from the left limit of the stimulus field. The 
second training stimulus was four 4-in. steps 
to the right of the first for the T, groups; and 
six and eight steps for the Ts and Ts groups, 
respectively. These separation values were 
intended to realize two types of situations. 
In the T4 groups the stimulus sets associated 
with the two training stimuli should have a 
proportion of elements in common. For the 
Te and Ts groups, these sets should be dis- 
crete; but the proportion of elements which 
the central stimuli share with the training 
stimuli should differ. 


Procedure 


Simple generalization.—Each S was tested 
separately in a 40-min. session with 10 min. 
for dark adaptation and instructions which 
covered the following points: (a) There would 
be two types of trials: trials on which Æ would 
announce that the stimulus was to appear in 
the standard position, and test trials on which 
the unannounced stimulus might be in the 
standard or in some different position. (b) 
The stimulus duration would be 1 sec.; and 
on test trials S must decide whether the light 
had been in the standard or in some different 
position. (¢) The two keys in front of S were 
to be used in communicating judgments to E. 
The training stimulus, presented once at the 
outset of every block of trials, was followed 
by 8 test trials in which the standard and 
seven other stimuli each appeared, these 
blocks continuing to a total of 180 trials. 
The order of test stimuli within each block 
was randomized separately for each S. ‘To 
indicate the positive response, half the Ss 
were instructed to use the right-hand key and 
half, the left key. Approximately 9 sec. 
elapsed between stimulus presentations. 

Summated generalization —Following dark 
adaptation and instruction, S was exposed 
to 210 trials. Instructions were altered as 
follows: (a) There would be three types of 
trials: trials on which Æ would announce the 
stimulus position as A, trials on which Æ 
would announce it as B, and test trials on 
which the unannounced stimulus might, be 
in A, or in B, or in some different position. 
(b) On test trials if S believed that the light 
was in A or B, he was to press the right-hand 
key; and if he believed that it was in neither 
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position, he was to press the left-hand key. 
Within each block of 21 trials there were 4 
training trials. The two training stimuli 
each appeared twice, once at the beginning 
and once midway in the block. The order of 
test stimuli was randomized with the restric- 
tion that each stimulus, including A and B, 
appear only once in the 17 test trials. 


RESULTS 


Simple  generalization.—Gradients 


for Groups C and Q were linear over ` 


a 2.5-in. range. Comparison of per- 
formance for the first 10 blocks of 
trials with that for the second 10 
blocks did not reveal the inhibitory 
effects observed by Bilodeau, Brown, 
and Meryman (1956) who found that 
as test trials progressed, Ss produced 
fewer responses to generalized stimuli. 
A straight line fitted to the combined 
data by the method of least squares 
had a slope of —.16 and its intercept 
at .82. 

Guttman and Kalish (1956) found 
that gradients for pigeons pecking a 
key in the presence of different wave- 
lengths of light became flatter as the 
total number of generalized responses 
decreased. In the present case three 
gradients for Ss grouped on the basis 
of the total number of positive 
responses did not have different 
slopes. 

Summated generalization Figure 1 
presents the mean proportion of posi- 
tive responses at each test position 
over the 10 blocks of trials. Response 
level along the center segments de- 
creases as the distance between train- 
ing stimuli increases. In the T, 
groups these data points are slightly 
above those at the training stimuli. 
For the Ts groups there is virtually 
no difference between the training 
stimuli and the intermediate posi- 
tions; and in the Ts groups a decline 
in response level is clear. 

In the absence of normal distribu- 
tions, nonparametric tests were ap- 
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Fic. 1. Theoretical and empirical sum- 
mated generalization gradients for the Ts, Te 
and Ts groups. (Zero corresponds to the 
stimulus exactly midway between training 
stimuli; and unit changes represent ĝin- 
steps along the physical scale.) 


plied to the data for the entire session. 
To test the hypothesis that respoñse 
level at the midway stimulus de- 
creases with increasing separation 
between training stimuli, each | Js 
mean score at the midway position 
was subtracted from the mean of his 


pooled scores at the training stimuli. 
The Kruskal-Wallis one-way analysis 
of variance statistic, H, is significant 
at the .05 level with 2 df for both 
Group C and Group Q comparisons. 
The t's comparing the mean propor- 
tion of positive’ responses to the 
training stimuli with that at the 
midway stimulus are significant at 
the .05 level with 62 df for the QTs 
and for the Ts groups only. 

The outer segments of all gradients 
are linear over four stimulus positions. 
Two measures were used in comparing 
the slopes of corresponding outer 
segments: (a) each S’s mean propor- 
tion of positive responses Over the 
four outer stimuli adjacent to a given 
training stimulus, and (b) the dif- 
ference between each S’s pooled mean 
proportion of positive responses at 
the first two and second two of these 
stimuli. The Æ for Measure 1 on 
the left side and that for Measure 2 
on the right side for Group C gradients 
are significant at the .05 level with 
2 df. Although the corresponding 
outer segments of the gradients for 
different separation groups are not 
far from parallel, the possibility of 
some significant local deviations can- 
not be ruled out by the present 
analysis. 

Because Group Q gradients are 
asymmetrical, an effect probably due 
to the presence of the left border of 
the frame near this part of the field, 
tests for symmetry were restricted 
to Group C data. The Mann- 
Whitney U is significant at the .05 
level for Measure 2 in Group CTs. 
The data for Group CTs indicate that 
departures from symmetry in the 
Center groups may be due to the use 
of the center position for one of the 
training stimuli; but any general 
Statement concerning symmetry ir- 
respective of separation between train- 
ing stimuli is necessarily tenuous. 
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Although gradients for the first 
and second halves of the experimental 
session show no systematic change in 
response strength for the Center 
groups, the response level between 
training stimuli tends to be lower 
over the second half of the Quarter 
groups. 


THEORETICAL ANALYSES 
Formal Theory 


Correspondence between psychological 
variables and mathematical sets is de- 
fined by the application of the Burke- 
Estes (1957) component model for stim- 
ulus variables. A mathematical set, Sj, 
is associated with each stimulus, Sets 
So, Su:+*Sz denote k + 1 distinguish- 
able stimuli; and the overlap between 
S; and S; represents the similarity be- 
tween stimuli i and j. The number of 
elements in any set S; is N; and the 
number which S; and S; have in com- 
mon is Na. Behaviors available to S. 
are represented by A, and Ag, the 
mutually exclusive and exhaustive re- 
sponses formally distinguished in the 
experiment; and it is assumed that each 
element in a set is connected to one of 
these responses 50 that, given stimulus i, 
the probability of A; is the proportion 
of elements in i connected to Ay and 
sampled by S on that trial. 

The relationship between stimulus and 
response variables, conceptualized in 
this manner, has been elaborated in 
theoretical papers by Burke and Estes 
(Burke & Estes, 1957; Estes & Burke, 
1953). The probability of an A, when į 
is presented is expressed by: 


p= 0 i] 
where N(C;) is the number of elements 
in S; connected to Ay. 

Generalization of response A, to 
stimulus j, given į as the training stim- 
ulus, may be expressed as the sum of 
the proportion of elements common to 
S; and S; which are conditioned to A, by 
virtue of training on 7 and the proportion 
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of elements in S; only which are con- 
nected to A, independently of training 
oni: 

_ Napi + (N = Nis)pi 


bi N [2] 


where p;, a constant for all 7, is the prob- 
ability of an A, given j as the stimulus 
prior to training on i. Substituting Wij 
for (N;/N) and rearranging terms, a 
more convenient form of Equation 2 is 
obtained : 


Di = walb: — pj) +; [3] 


The range over which generalization will 
occur is determined by the extent of 
stimulus overlap between the training 
stimulus and other stimuli in the series. 
Given training with reinforcement of 
response A; to stimulus 7 and nonrein- 
forcement elsewhere along the dimen- 
sion, or in the case of a voluntary re- 
sponse, following instructions to make 
response 4 to stimulus ¢ only, it may be 
assumed that p; equals zero for j ¥ i, 
Equation 3 becomes: 


Pony = Wilis) Pi 


where is the number of equal intervals 
on the physical dimension separating 
i and j; and it may be restated in the 
form: 


Pliny = Pi — pil — Wici) 
= pi — n(1 = wigm)p: [4] 


Equation 4 follows from the fact that 
stimuli equidistant on the dimension 
have equal overlaps, so that Wir) 
=W: etc. Hence, n(1— wig) 
is the proportion of new elements intro- 
duced for a stimulus 7 steps away from å. 
If n exceeds 1/(1 — wes), Equation 4 
no longer applies. 

This equation may be used for pre~ 
dicting generalization along a substitu- 
tive dimension. A family of linear 
gradients may be plotted with bi asa 
Parameter depending only on learning 
and n as the independent variable. For 
experimental convenience it is desirable 
to determine equal intervals on the 
physical dimension corresponding to 
equal decrements in p; by obtaining a 
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simple generalization gradient empir- 
ically. Over the range of physical values 
for which the gradient fits a straight line, 
the overlap between ¿ and successive 
equally separated stimuli may be as- 
sumed to decrease by a constant propor- 
tion; and the parameters p; and wiyi41) _ 
may then be estimated from the data 
and used to test the predictive power of 
the model in an entirely new situation. 

For summated generalization with 
training on 7 and k, pj is the proportion 
of conditioned elements which j shares 
with ¿and k: 


Napit Nabi — Nububs 
N 
= Wijpi + Wipe — WiiPide 
= pi —njj(1 — a)] 
+ pill — nall — a)] 
— pbill — me(1 — a)] [5] 


b= 


For simplicity in notation wi) has 
been replaced with a. The quantity 
{1 — m(1 — a)] is the proportion of 
overlap between the two training stim- 
uli; aix the number of steps between t 
and k; n; and 7;,, the numbers of steps 
between a test stimulus j, and 7 and k, 
respectively. The third term on the 
right-hand side corrects for the fact that 
when training stimuli overlap, the sets 
associated with stimuli between 7 and k 
contain elements common to S, and Si 
which have been included twice in the 
sum of the first two terms. i 
Two types of relations are determined 
by fir For nj, between zero an 
1/(1 — a) the training stimuli overlap; 
and their intersection must be taken 
into account. If nix 2 1/(1 — a), there 
is no such overlap; and the third term on 
the right side of Equation 5 is zero 
Beyond certain points in the dimension, 
j will cease to overlap with part of the 
intersection of i and k, or with either 
or both training stimuli; and restriction’ 
must be placed on mj and mx in both 
instances. In the present experiment 
values of 7, were selected to represen 
these two types of relations. Given a < 
overlap parameter estimated from the 
data, training stimuli which are four 
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steps apart, the value of mx for the Ty 
groups, should overlap. Sets associated 
with stimuli separated -by more than 
four steps should be discrete; and the Ts 
and Ts groups are intended to represent 
special cases of this type. 

Prediction 1.—For all nix $ 1/(1 — a) 
the sets associated with test stimuli 
j= (i+ 1)---G+n-—1), which lie 
between i and k, are contained in the 
union of S; and Sz; and p; = pj = «++ Pee 
The solid line in the top panel of Fig. 1 
presents this type of gradient, the 
condition expected to obtain for Groups 
Ta. It should be noted that when p; < 1, 
the predicted response strength at the 
training stimuli following summated 
generalization training is greater when 
nir<1/(1—a) than when mi.=1/(1—a). 
Theoretical gradients for Groups Tsand 
Ts are shown in the other two panels of 
Fig. 1. Since the training stimuli do not 
overlap, the central test stimuli should 
contain elements not in 7 or k; and 
generalization at this portion should 
decrease as siy increases. The flat region 
should extend over (nik + 1) points if 
nir <1/(1—a) and over [ i 2 -na| 

2 
nik < faa 


points if maa <$ 
t=4 


Prediction 2.—Corresponding outer seg- 
ments of the gradients should be linear 
with identical slopes for all mx. For 
nix < 1/(1 — a) and p; < 1, the condi- 
tioned overlap between i and k produces 
a departure from linearity which in- 
creases as m;, decreases. Gradients should 


[ma-t+ 


extend over a range of ica 


points. 


Adequacy of Predictions for Summated 
Generalization 


The straight line fitted to the simple 
generalization gradient provided values 
of pi and p; which were substituted in 
Equation 4 to estimate a. Theoretical 
k and Obtained gradients may be compared 
-in Fig. 1, 
` Prediction 1.—\When nix = 4, the dis- 
crepancy between theoretical and em- 
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pirical points along the central segment 
is in no instance greater than .03. How- 
ever, the large and consistent disparity 
between theoretical and obtained values 
in Groups Ts and Ts at these points 
indicates that predictions from the 
model are too low when n; > 1/(1 — a). 

A salient, and complicating, feature 
is the downward shift in response 
strength at the training stimuli. Since, 
according to the model, response strength 
at the training stimuli may vary without 
affecting a, new theoretical gradients 
might be derived with p; and px esti- 
mated from the data for one of the sum- 
mated generalization groups; but this 
approach would yield even lower values of 
pi than those obtained with pj=p.=.818. 

Statements concerning the symmetry 
of the center segment and the extent of 
the plateau must be highly tentative 
since experimental artifacts discussed in 
a previous section may have introduced 
considerable distortion into the gra- 
dients. The data do suggest that p; may 
be constant over the predicted number 
of intervals in the central region; but 
there is no clear indication that the 
remaining points are symmetrical with 
those for the outer segments. 

Prediction 2.—The outcome of sta- 
tistical tests comparing the slopes of 
corresponding outer segments and of 
tests of symmetry make it impossible to 
generalize unequivocally concerning the 
relevance of the results to predictions 
from the model. On the whole, the data 
support the assumption that for a sub- 
stitutive dimension, p; varies linearly 
over n. Empirical points over the left 
outer segments, especially for the Quarter 
group gradients, generally lie above the 
predicted values, a disparity which may 
possibly be due to the conditioning of 
extraneous cues to the positive response. 
The ranges over which the empirical 
gradients extend exceed predictions. 

Estimates of a from summated generali- 
zation data.—The possibility remains 
that the stimulus component model may 
be used to extrapolate across summated 
generalization situations. An additional 
estimate of a, obtained by fitting a 
straight line to the data points for the 
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right hand training stimulus and the 
six stimuli of the corresponding outer 
segment of the Ts groups, yields an over- 
lap parameter equal to .85. In Fig. 2 
it can be seen that this estimate results 
in a better coincidence between theoret- 
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Vic. 2. Theoretical and empirical sum- 
mated generalization gradients with a esti- 
mated from the right hand outer segments 
of the Ts groups. (Zero corresponds to the 
stimulus exactly midway between training 
stimuli; and unit changes represent 4-in, 
steps along the physical scale.) 


TERESA S. CARTERETTE 


ical and data points, particularly in the 
case of Groups T, and Ts. 


Adequacy of the Theory 


In general the two main predictions 
which follow from the model have been 
supported. First, the decrease in re- 
sponse level as the separation between 
training stimuli increases is found in all 
instances. The second prediction, that 
corresponding outer slopes of the sum- 
mated gradients should be parallel for all 
groups, is well substantiated by the data. 

Principal diserepancies between theory 
and data pertain to three aspects: (a) 
the center dip predicted for the Ts and Ts 
gradients is absent in the Ts groups and 
is shallower than expected in the Ts 
groups; (b) the range of generalization 
is greater than predicted; and (c) the 
left wings of all gradients, especially in 
the Quarter groups, are consistently too 
high. Contrary to prediction and per- 
haps related to (a), the response level 
for Group QT; is significantly higher for 
the midway stimulus than for tests at 
the training stimuli. However, it is 
exactly for the Quarter groups that 
pronounced asymmetry is present as an 
experimental artifact. There is the 
additional possibility that the unequal 
number of test stimuli on the two outer 
segments of the T, gradients may have 
interacted with effects of the left border 
to further increase conditioning to stim- 
uli on the left half of the gradient; 
consequently, these results remain ques- 
tionable as legitimate tests of the theory. 

If one is mindful of the fact that the 
parameters used in generating the theo- 
retical curves were estimated from data 
obtained under different experimental 
conditions with different Ss, the model 
appears to possess considerable pre- 
dictive power. Certainly the extreme 
elevation of the left segments of the 
Quarter groups gradients can be cor- 
rected by improvements in the appa- 
tatus. The shallowness of the central 
dip and the underestimation of the range 
of generalization may be due to the 
omission of factors which should enter 
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into the application of stimulus sampling 
theory to generalization phenomena. 

The superiority of predictions based 
on parameters estimated from a portion 
of the summated generalization data 
itself, suggests the possibility that much 
of the discrepancy between theoretical 
and empirical gradients in the case of 
a priori predictions may be attributable 
to sampling variation associated with 
the use of two different sets of Ss in the 
two experiments. 


SUMMARY 


Two experiments were designed to test 
the predictive power of a mathematical model 
derived from the Burke-Estes (1957) stimulus 
sampling theory of behavior. The first, an 
experiment concerned with simple stimulus 
generalization, yielded estimates of param- 
eters which were used to generate theoretical 
curves fo- the second, concerned with sum- 
mated st’ nulus generalization. Procedures 
in the two experiments were almost identical, 
except that in the summated generalization 
experiment the training trials occurred- in 
pairs. On training trials S was shown a 
square patch of light at one of the two training 
Positions designated for a particular group. 
On test trials, if S believed the stimulus 
coincided with either of the training stimuli, 
he responded “same”; if he believed it di 
fered from both stimuli, he responded ‘‘dif- 
ferent.” Treatments for the six groups differed 
in two ways: (a) there were three degrees of 
separation between the two training stimuli 
and (b) the range of the stimulus field differed 
across equal separation groups. 

A priori predictions pertained to two 
aspects of the summated generalization 
gradients, First, it was expected that in- 
Creasing separation between the training 
stimuli would lead to progressively lower 
Tesponse levels along intermediate portions 
of the gradients. Second, it was predicted 
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that corresponding outer segments of the 
gradients for different separation groups 
would be parallel. 

The two predicted relationships were 
generally confirmed. Empirical gradients 
were approximately linear in their outer 
segments, varying from clear bimodality 
in the maximum separation groups to curves 
with virtually horizontal ledges between the 
training stimuli in the minimum separation 
groups. Underestimation of the total range 
of the summated gradients and the shallow- 
ness of the curves between training stimuli 
constituted the systematic departures from 
exact predictions. However, when the 
parameters were estimated from the data for 
one of the summated generalization groups, 
theoretical and empirical gradients coincided 
rather well. 
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RECOGNITION OF COMPLEX VISUAL STIMULI-AS A 
FUNCTION OF TRAINING WITH ABSTRACTED 
PATTERNS? 
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University of Missouri 


The present investigation is con- 
cerned with the general problem of 
recognition of complex visual stimuli 
when such stimuli occur repeatedly 
in a variety of distorted forms. The 
problem was orginally suggested by 
the task faced by the Air Force 
navigator, who must learn to recog- 
nize complex visual stimuli which 
never look exactly the same on the 
radar scope, even under optimal 
conditions. More specifically, we 
have been concerned with investigat- 
ing the efficacy of training techniques 
(“briefing”) for recognition of complex 
visual stimuli in which the pattern, 
or basic arrangement of the various 
elements, is the most stable aspect. 
In such stimuli the peculiarities of 
shape of individual elements are not 
stable. The hypothesis tested was 
that recognition of such stimuli is 
more effective when S is trained on 
simplified, abstracted versions of the 
stimulus pattern rather than the 
variable stimulus itself. The rationale 
underlying this hypothesis is that 
elimination of the variably shaped 
elements eliminates the distraction 
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produced by this factor and thus 
maximizes S’s utilization of the more 
important pattern cues. 

Two methods of abstraction in 
training were used: (a) presentation 
of a small number of straight lines 
representing the major direction or 
“flow” of the pattern, and (b) presen- 
tation of the pattern represented by 
simple geometric designs. A control 
briefing condition consisted of the 
stimulus form fully drawn in, with 
variably shaped elements, in the same 
manner as the test items were pre- 
pared. Examples of the training 
materials are presented in Fig. 1. 
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Fic. 1. Samples of training views for 
two patterns, 
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Fic, 2. Samples of test views for 
two patterns. 


Test items consisted of two degrees 
of perceptual impoverishment (ran- 
dom removal of 25% and 50% of the 
original stimulus) and two degrees of 
visual noise (random addition of 25% 
and 50% irrelevant elements) as well 
as the complete stimulus itself, Ex- 
amples of the test views are presented 
in Fig. 2. 

METHOD 

Subjects 


The Ss were 198 men and women students 
from three general psychology classes at the 
University of Missouri. Each training con- 
dition contained 66 Ss and was represented in 
each class. An additional 65 Ss were ran- 
domly discarded to equalize group Ns to 
satisfy formal requirements of the analysis 
of variance. Statistical analyses computed 
With all Ss gave the same results. 


Stimulus Materials 


Basic patterns.—A set of five basic pat- 
terns was prepared in the following manner. 
A 10 X 10 matrix was used, thus giving 100 
available units. Five random and independ- 
ent selections of 32 units each were made from 
the 100-unit matrix, The construction rules 
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for these patterns were as follows. The 100- 
unit matrix was arbitrarily divided into four 
equal quadrants of 25 units each, the lines 
of division being the middle, vertical, and 
horizontal lines. The quadrants were num- 
bered starting with the upper left hand 
quadrant as number one and proceeding in a 
clockwise fashion. 

One of the four quadrants was picked at 
random to contain the one focal point, the 
quadrant diagonal to it being the location 
of the second focal point. The rules were such 
that the focal points must be located in these 
two quadrants. The particular unit in each 
quadrant was determined by random num- 
bers, the one restriction being that the focal 
point could not be located in one of the 
boundary units of the quadrants, The 
remaining units were then added randomly 
with the restriction that a new unit must be 
contiguous with one of the units present but 
that contiguous boundary units could not be 
filled. 

Control briefing —Four “artists” were 
given the five basic patterns, represented by 
check marks indicating which units of the 
10 X 10 matrix were to be filled. They were 
instructed to fill in the checked units by 
means of a ball point pen on an Azograph 
(A. B, Dick duplicating) master sheet, from 
which several copies of each preparation were 
made. The only rule was that each filled 
unit must be drawn at least 50% full, and 
that no unfilled unit could be drawn more 
than 50% full. The techniques to be used 
in connecting units, rounding off corners, étc., 
were left to the individual artist. Examples 
of stimuli so prepared are shown at the top 
of Fig. 1 andin Fig. 2. 

Line training. —The same four artists were 
provided with overlay sheets to place on top 
of their control drawings. ‘They were in- 
structed to draw in the straight lines that 
they thought best represented the major 
parts of the pattern. They were told to keep 
the lines as simple as possible, Examples of 
stimuli so prepared are shown in Fig. 1. 

Geometric training —The pattern was de- 
picted by means of geometric symbols, which 
represented the elements. In any one draw- 
ing each unit of the matrix that was to be 
filled was filled by the same mechanically 
drawn geometric symbol. Four such symbols 
were used—dot, empty circle, blacked 
circle, and blacked square—in order to pro- 
vide four types of products comparable to 
the four different artists who prepared the 
other kinds of briefing stimuli. Examples of 
such stimuli with blacked squares and circles 
are shown at the bottom of Fig. 1. 
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Test views.—Five types of test view were 
prepared for each pattern. They were: (a) 
the complete 32-unit patterns; (b) an in- 
complete 16-unit view (50% impoverish- 
ment); (c) an incomplete 24-unit view (25% 
impoverishment); (d) the complete 32-unit 
pattern plus 8 added units (25% noise); 
(e) the complete 32-unit pattern plus 16 
added units (50% noise). 

Each of these test conditions was pre- 
pared by each artist for each pattern. In- 
dependent and random samples were taken 
from the population of 32 pattern units for 
each of the 16- and 24-unit views, and from 
the population of 68 noise units for each of 
the 8- and 16-unit noise increments. (The 
population of 68 noise units for any pattern 
consisted of those units in the matrix that 
did not comprise any part of the pattern.) 
Independent random selections were made 
for each of the artists. 

Drawings of the 32-unit pattern itself 
were made independently of the control 
32-unit briefing drawings, so that the 32-unit 
test and control briefing views were not 
identical even though their basic pattern was. 

Photographs of the 100 test views (5 pat- 
terns, 5 types of test view, by 4 artists), 
as well as the briefing views, were mounted 
on 2X 2 in. slides for projection by an 
automatic projector. 


Experimental Design 


Each of the three large classes was divided 
into three approximately equal sections, with 
each section receiving one of the three train- 
ing conditions (control, line, or geometric), 
The division of a class was done according 
to columns of seats in an attempt to control 
for any motivational or ability differences 
that might be associated with seating arrange- 
ments. The 3 Es and three classrooms used 
for the experimental session were rotated over 
training conditions. 


Procedure 


The experimental session consisted of 12 
training periods each followed by a test trial, 
In the presentation of the training views each 
pattern was identified by a city name (New 
York, Miami Beach, Kansas City, San 
Francisco, Los Angeles) which was printed 
plainly beneath the drawing. Test views 
were to be identified by the S by writing in 
the appropriate initial (NY, MB, KC, SF, 
LA) on the test sheet. 

In each training period each pattern was 
shown once, in random order. All five slides 
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of any training period were prepared by the 
same artist, in the case of control and line 
groups, or utilized the same geometric symbol. 
Each artist or geometric symbol was repre- 
sented once in the first block of four training 
sessions, once in the second block, and once 
in the third block. Thus, each Sin the control 
and line groups was trained three times on 
materials prepared by each of the artists, 
and each S in the geometric group was 
trained three times on each of the geometric 
forms. 

The 100 test views were divided into 10 sets 
of 10 views each. The division was done 
randomly except for the restriction that in 
every set of 10 views each pattern and each 
type of view be represented twice, and each 
artist at least once. The order of use of test 
sets was determined randomly, with each 
set used at least once as a test trial. The 
first two sets used were repeated in order to 
make possible 12 test trials. 

Each training view was shown for 7 sec., 
and each test view for 5 sec. A 10-sec, inter- 
trial interval was used. 

In the instructions all Ss were told that 
they would be shown hypothetical visual 
representation of five United States cities; 
that their task was to learn to associate the 
name of each city with the appropriate 
pattern so that they would be able to identify 
it correctly under test conditions; and that 
after looking at the five city patterns with the 
names given they would be shown a number 
of test views, for each of which they were to 
record on the record sheet the initials of the 
city they thought was represented. 

The Ss were told that none of the test 
patterns would be exactly like the training 
patterns. It was emphasized that some of 
the test views would resemble the training 
patterns more than the others, and that 
some would be missing parts and others would 
have extra parts. 

The line Ss were told that the artists had 
made abstracted line drawings from the 
actual patterns, and geometric Ss were told 
that their training patterns would be con- 
structed of simple geometric patterns. The 
more fully drawn test views were also describe 
to these Ss, 


RESULTS 


Figure 3 shows the mean number 
of correct recognitions for the three 
training groups as a function of the 
type of test view, indicated by the 
number of elements, or amount © 
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Fic. 3. Mean correct recognitions for the 
three training conditions as a function of 
number of elements (amount of fill). 


fill, in each view. Table 1 shows the 
summary of an analysis of variance 
based on the data presented in Fig. 1. 
It can be seen that the type of train- 
ing, number of elements, and the 
interaction of these variables were 
all significant sources of variance. 
The overall means for the three train- 
ing conditions were: control = 11.29, 
line = 11.04, and geometric = 13.03. 
The geometric group mean differed 
reliably (P < .01) from the other two 
training conditions. 

Figure 3 shows that the superiority 
of geometric training was consistent 
over the various types of test view. 
The differences were evaluated by 1 
tests using the error term derived 
from the major analysis. The geo- 
metric group means were superior 
(P = .01) to the other two groups 


TABLE 1 
ANALYSIS OF VARIANCE OF NUMBER 
or Correct RECOGNITIONS 


Source df MS F 
Training 2| 385.89 | 9.98* 
Error 195 | 38.65 
Number of elements | 4 | 509.53 | 87.40% 
Interaction 8| 40.80| 7.00* 
Error 789 5.83 


"P <.01, 
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for all types of view except at Fill 16, 
where the mean differed from that for 
line briefing at P < .05, and at Fill 40, 
where it failed to differ reliably from 
the control training. 

With regard to the control training- 
line training comparison, line training 
was reliably better for the most 
impoverished test condition (P <.01) 
but control training was better for the 
32- and 40-fill conditions (P < .01). 

The overall trends indicate an 
asymmetry, with all groups perform- 
ing better under impoverished test 
conditions than under noisy test 
conditions. This asymmetry is es- 
pecially clear for the abstracted 
training conditions. 


Discussion 


The results of this study show that, 
where Ss are required to recognize stim- 
uli in which the basic pattern charac- 
teristics are more stable than the ele- 
ments, presentation of certain kinds of 
abstracted patterns results in greater 
recognition than presentation of the 
fully drawn stimuli. This conclusion is 
especially true for the fragmentary or 
impoverished type of test where both 
the geometric and the line abstractions 
were superior to the control. The 
superiority in this respect of the severely 
reduced line stimuli is particularly 
impressive. 

These results are all the more signifi- 
cant in view of the fact that all test items 
consisted of control-type stimuli. The 
superiority of recognition in the experi- 
mental groups therefore occurred in 
spite of any positive transfer effects 
generated by the similarity of control 
training views and test views. The 
power of the experimental treatment 
is suggested by the fact that such an 
advantage favoring the control condition 
was so clearly overcome. 

From a theoretical point of view, these 
results are of interest in that they 
indicate the distracting effect of over- 
loading S with cues that are not stable 
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aicet of the basic stimulus pattern 
(i.e., the detailed shape of the elements). 
The extent to which similar abstractions, 
whereby irrelevant or unstable cues are 
eliminated, may be effective in other 
types of learning needs to be investi- 
gated. It is important to remember 
that the generality of the present results 
is restricted to situations in which the 
eliminated cues are of low or question- 
able usefulness. The general suggestion, 
however, is that wherever such ques- 
tionable cues can be reduced or removed 
acquisition efficiency may be facilitated. 
In further investigations the degree of 
stability of such cues should be directly 
manipulated. 

Another approach to the problem is 
that the geometric presentation during 
training stood in a prototypic role to the 
subsequent test material in the matrix 
context. That is, this type of training 
clearly identified the matrix cells in- 
volved in the stimulus pattern. Recog- 
nition behavior would be expected more 
readily to generalize to variations of the 
prototype following learning of the 
prototype than following learning of 
similar variations of the prototype, as 
was the case in control training. 


M. H. MARX, W. W. MURPHY, AND A. J. BROWNSTEIN 


From a practical point of view, the 
extent to which the abstraction tech- 
nique will be useful depends upon the 
determination of the functional dimen- 
sions of the particular task along which 
the abstractions should be performed. 
The above analysis suggests the employ- 
ment of prototypic information where 
possible, as a first approximation, 


SUMMARY 


The Ss were shown different presentations 
of complex visual stimuli and tested on their 
ability to identify distorted versions of the 
stimuli. A simple geometric technique, in 
which the fundamental stimulus pattern 
was uniformly represented by dots, circles, 
or squares, was found to be consistently su- 
perior asa means of training. Training which 
utilized only the main lines of the patterns 
was found to be more effective than the con- 
trol (fully drawn) training stimuli for certain 
test items of a fragmentary sort. For test 
items in which the trained pattern was em- 
bedded in noise, control training was rela- 
tively more effective than line, although even 
here the geometric training stimuli were 
clearly superior. 


(Received August 11, 1960) 
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PARTIAL REINFORCEMENT EFFECTS (PREs) AND 
INVERSE PREs DETERMINED BY POSITION 
OF A NONREWARDED BLOCK OF 
RESPONSES + 


GLEN D, JENSEN 


University of New Mexico 


In a runway experiment (Jensen 
& Cotton, 1960), a partial reinforce- 
ment effect (PRE) during Day 10 
was observed in a group of rats which 
received 30 rewarded (R) trials on 
Day 1, 15 nonrewarded (NR) trials 
followed immediately by 15 R trials 
each day during Days 2-9, and 30 
NR trials on Day 10. This group 
will be referred to as 15NR-15R. 
Another group (30NR-30R) which 
received 30 R trials on Days 1, 3, 5, 7, 
and 9 but 30 NR trials on Days 2, 4, 
6, 8, and 10 did not show a PRE dur- 
ing Day 10. In the case of both of 
these groups, the PRE was deter- 
mined in relation to a group (Con- 
trol) which received 30 R trials during 
Days 1-9 and 30 NR trials on Day 10. 

These results are consistent with 
the interpretation that NR trials 
must be patterned in such a way with 
R trials as to lead to the hypothesis 
or expectancy that reward comes 
after a period of nonreward and dur- 
ing the same session as the nonreward, 
if the NR trials are to produce a PRE. 
The 15NR-15R Ss had eight oppor- 
tunities to form such a hypothesis 
or expectancy prior to Day 10. The 
fact that these Ss ran progressively 
faster during the last five NR trials 
of a session as Day 10 approached 
is consistent with the notion that they 
were gradually forming the expectancy 
that reward comes after the initial 
NR trials of a day are completed. 

1This research was supported in full by 
Grant M-2834 from the United States Public 
Health Service. 


Actually, another assumption is im- 
plicit: namely, that a heightened 
motivational state goes with this 
hypothesis or expectancy. 

Grosslight and his associates (Gross- 
light & Child, 1947; Grosslight, Hall, 
& Murnin, 1953; Grosslight & Rad- 
low, 1956, 1957) have marshaled con- 
siderable evidence that blocks of NR 
trials followed by blocks of R trials 
produce a PRE. However, they used 
very small blocks of NR trials, and 
their presentation does not show the 
gradually increasing vigor of respond- 
ing during successive blocks of NR 
trials which seems to characterize 
this schedule. 


EXPERIMENT | 


Three of the groups of Exp. l 
constitute essentially a replication 
of the three runway groups already 
discussed, except that a Skinner box 
was used and hence single bar presses 
were substituted for single runway 
trials. The fourth group, however, 
underwent conditions which should 
produce the inverse of the traditional 
PRE if the expectancy interpretation 
outlined above is correct. The rats 
received a schedule of 20R-20NR 
for several days, which should result 
in slower pressing during the last 
(NR) session relative to 100% control 
Ss, if it is assumed that a depressed 
motivational state goes with the 
expectancy of nonreward. 

Grosslight et al. ran several groups 
comparable to Group 20R-20NR of 
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the present study, except that they 
used very small blocks of NR trials. 
In no case did they obtain a significant 
inverse PRE, but one paper (Gross- 
light & Radlow, 1956) presents an 
effect which is suggestive of an inverse 
PRE. It was hoped that the large 
blocks of NR trials presently employed 
would produce a significant inverse 
PRE and also that gradually decreas- 
ing vigor of responding would occur 
: during the NR presses on successive 
days of 20R-20NR scheduling. 


Method 


Subjects and apparatus.—The Ss were 40 
male albino rats of the Sprague-Dawley 
strain from 68 to 134 daysinage. All Ss were 
Skinner-box naive, but most of them had 
received 1-3 hr. of training in a runway. 

A Foringer small animal test chamber 
was used along with Foringer programing 
equipment, a Gerbrands cumulative recorder, 
and a Davis 45-mgm, pellet dispenser, 

The Gerbrands recorder was operated at 
the standard paper speed of 11 in. per hr. 
An event pen was wired through a Foringer- 
built contingency selector panel in such a 
way that every tenth bar press caused the 
event pen to make a horizontal mark on the 
paper. The distance between successive 
marks was used to determine the total 
amount of time expended during a block of 
10 presses, 

Procedure.—For 1 to 4 weeks before 
the Pretraining Day all Ss were fed once a 
day with a ration of 10 gm. of finely-ground 
Purina laboratory chow. During the last 
2 days before the Pretraining Day, all Ss 
got their ration 1 hr. after the hour of the 
day at which they were to receive pretraining 
and training. The Ss had access to water at 
all, times except during pretraining and 
training sessions. 

On the Pretraining Day each S was placed 
in the box for 55 min. with the apparatus set 
to deliver one pellet every 30 sec. until a 
total of 110 pellets were received. Immedi- 
ately after the 55-min. session S$ was fed the 
remainder (5 gm.) of his usual 10-gm. ration 
in the form of ground chow. 

Twenty-four hours after the beginning of 
the pretraining session each S was placed 
in the box with the bar connected to the 
pellet dispenser and with the automatic- 
delivery circuit broken. Each § was allowed 
to make 20 R presses and was then returned 
to his home cage where he received 9 gm. of 


ground chow 1 hr, after the beginning of the 
session. This session will be called Day 1. + 

The 40 rats which successfully completed 
Day 1 were randomly assigned to four experi- 
mental conditions except that the last 3 
Ss in a group were placed so that the four 
groups would have approximately equal 
means and variances with respect to the 
second 10 presses of Day 1. Group R received 
40 R presses on each of Days 2-5. Group 
20NR-20R received 20 NR presses followed 
immediately by 20 R presses during each of 
Days 2-5. Group 40NR-40R received 40 
NR presses on Days 2 and 4, and 40 R presses 
on Days 3and 5. Group 20R-20NR received 
reward during the first 20 presses of a day 
during Days 2-5 and no rewards during the 
last 20 presses of each of these days. All 
groups received a 55-min. session with no 
press rewarded on Day 6. All groups were 
22 hr. food deprived at the beginning of eac! 
session and the 10-gm. daily ration was 
maintained throughout the 6 experimental 
days. 

The time to the nearest .01 sec. taken by 
each S to make each block of 10 suc je 
presses was determined and these values 
were transformed to their reciprocals divided 
by 10. These transformed values will hence- 
forth be called “rate” scores. 


Results and Discussion 


Figure 1 shows the mean rate data 
for each group through the entire 
course of experimentation. 

The representation of the long NR 
session given during Day 6 is com- 
plicated by the fact that Ss in the 
same group made widely different 
numbers of presses. Arbitrarily, it 
was decided to represent each group 
for as many presses as the number 
made by the S who made the most 
presses. If, for example, the longest 
pressing S in Group 20NR-20R made 
500 presses, and if another S made 200 
presses, the latter S was assigned the 
arbitrary minimum rate value of 
-0083 for each block between 200 and 
500. Note that five rate scores for 
each S in a group have been averaged 
in the determination of each point 
plotted for this 55-min. NR session. 
Since each S made at least 100 presses; 
the first two points are not arbitrary- 
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Fre, 1. The course of mean rate of pressing during all phases of experimentation. 


Later data points are more or less 
representative of the number of 
“persistent” Ss in a group as well as 
their rates of pressing. 

The least arbitrary, but not neces- 
sarily the most sensitive test for a 
PRE and for an inverse PRE in- 
volves the use of the total number of 
presses made during the 55-min. 
session on Day 6. Analysis of vari- 
ance on these scores yielded an F 
of 4.71 (P < .05; 3/36 df). A sub- 
sequent Tukey? analysis to compare 
individual means revealed that the 
20NR-20R animals made significantly 
more presses than each of the other 
groups at the .05 level or better, but 
no other comparisons were significant. 
Thus, by this measure there isa PRE 
in the 20NR-20R group but there is 
not the predicted inverse PRE in Group 
20R-20NR. There is, however, a fairly 


2J. W. Tukey. The problem of multiple 
comparisons. Privately circulated mono- 
graph, 1953. 


large difference in mean numbers of 
presses made between Groups R and 
20R-20NR, namely 220.8 and 159.8, 
respectively. 

Figure 1 shows that Groups 20R- 
20NR and 40NR-40R pressed at a 
markedly slower rate early in Day 6 
relative to the other groups. Ananaly- 
sis of variance using the mean rate 
for each S during presses 0-100 (as 
determined by averaging the first 10 
rate scores for each S) revealed that 
the groups differed significantly at 
the .03 level. A Tukey analysis re- 
vealed that Groups R and 20NR-20R 
showed a higher rate at the .04 level 
or better relative to the other two 
groups and no other comparison were 
significant. Thus both Group 20R- 
20NR and Group 40NR-40R showed 
an inverse PRE on this response 
measure but Group 20NR-20R did 
not show a PRE. If the first 300 
presses were used, Group 20NR-20R 
probably would show a PRE, but 
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there would be so many cases where 

several Ss in a group had stopped 

pressing that such an analysis would 

be misleading. 

Other analyses could have been 
performed on data from days other 
than Day 6, but comment will be 
deferred until after Exp. II has been 
described and more reliable statements 
can be made. 


EXPERIMENT [I 


It seemed possible that the slower 
rate during Day 6 of Group 20R- 
20NR relative to Group R might be 
due to the fact that Group 20R-20NR 
had received NR trials just prior to 
Day 6 and not because Group 20R- 
20NR had formed the concept or 
expectancy that once nonreward starts 
there is no further reward dur- 
ing that session. Consequently, two 
groups were run which differed from 
Groups R and 20R-20NR of Exp. I 
only in that both groups made 20 R 
presses immediately prior to a 55-min. 
NR session. Again it was predicted 
that the new 20R-20NR condition 
would produce an inverse PRE. 

Three additional groups were run 
to determine whether a more pro- 
nounced PRE could be produced by 
giving seven 20NR-20R experiences 
rather than the four experiences given 
in Exp. I and to determine whether 
a more pronounced inverse PRE 
could be produced by giving six 
20R-20NR experiences. 


Method 


Subjects and apparatus—The Ss were 50 
male albino rats of the Sprague-Dawley 
strain from 69 to 131 days of age on the pre- 
training day. The Ss had all received 1-9 hr, 
of experience in a runway and hence were 
quite docile, 

Procedure—The procedure was identical 
to Exp. I through the 20 R presses of Day 1. 
The first 6 Ss of a group were assigned 
tandomly, but the remaining 4 Ss were 
placed so that the five groups of Exp. II 
would be comparable to each other as well 
as to the four groups used during Exp. I. 
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Group R No. 2 was allowed to make 40 R 
presses during each of Days 2-4. On Day 5 
these Ss were allowed to make 20 R presses 
and then E immediately threw the switch 
which initiated a 55-min. NR session. Group 
20R-20NR No. 2 received a 20R-20NR 
session on Days 2, 3, and 4. On Day 5 this 
group was treated exactly as Group R No. 2. 
Group R No. 3 was allowed to make 40 R 
presses on each of Days 2-7. On Day 8 
these Ss underwent a 55-min. NR session 
immediately after making their 20th R pre: 
Group 20NR-20R No. 2 received a 20NR- 
20R session on Days 2-8 and a 55-min. NR 
session on Day 9. Group 20R-20NR No, 3 
received a 20R-20NR session on each of 
Days 2-7 and were treated exactly as Group 
R No. 3 on Day 8. The data were treated 
exactly as in Exp. I. 


Resulis and Discussion 


Figure 2 shows the mean rate data 
for Groups R No. 2 and 20R-20NR 
No. 2 through the 55-min. NR session. 
Group 20R-20NR No. 2 showed rates 
which were quite comparable to Group 
20R-20NR of Exp. I during every 
phase of experimentation. Group R 
No. 2, however, showed markedly 
slower pressing during the 55-min. 
NR session relative to the rate exhib- 
ited by Group R of Exp. I. Analysis 
of variance using the total number 
of presses made during the 55-min. 
NR session yielded an F of less than 
1.0. Thus no significant inverse 
PRE was demonstrated by this re- 
sponse measure. 

Another analysis of variance was 
done using the mean of the first eight 
10-press rates during the 55-min. 
NR session. One such score was 
obtained for each of the 20 Ss in 
Groups R No. 2 and 20R-20NR No. 2. 
These scores represent the largest 
number of presses which can be used 
without using arbitrary scores for 
some Ss. The F obtained is only .49, 
which is below the mean of the F 
distribution. Thus no inverse PRE 
was demonstrated by this measure 
either. However, the fact that Group 
20R-20NR No. 2 showed rates very 
comparable to those of Group 20R- 
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Fic. 2. Mean rate during all phases of experimentation for Groups R 
No. 2 and 20R-20NR No. 2. 


20NR of Exp. I is encouraging, and 
the failure to get an inverse PRE 
in this part of Exp. I] may yet prove 
to be due to the fact that Group R 
No. 2 was spuriously slow during 
nonreward, 

Figure 3 shows the mean rate data 
for the other three groups of Exp. II. 
Note the close correspondence be- 
tween the rates of Group 20R-20NR 
No. 3 and Group R No. 3 on all R 
blocks, especially the second R block 
of each day. An analysis of variance 
using the total number of presses 
made during the 55-min. NR session 
for each S yielded an F of 5.40 
(P < 015; 2/27 df) between the 
three groups. A subsequent Tukey 
analysis revealed that Group 20NR- 
20R No. 2 made more presses than 
either of the other groups at the .02 
level or better, and no other com- 
parisons were significant. Thus, as in 
Exp. I, the 20NR-20R condition 
produced a significant PRE but the 
20R-20NR condition did not produce 
a significant inverse PRE when total 


number of NR presses during 55 min. 
serves as the criterion. The Ss in 
Group R No. 3 made an average of 
240.3 presses whereas Ss in Group 
20R-20NR No. 3 made 204.4 presses 
on average. The percentage differ- 
ence is smaller than in Exp. I, so it 
must be concluded that the two 
additional 20R-20NR experiences did 
not increase the inverse PRE with 
respect to this response measure. 
The Ss in Group 20NR-20R No. 2 
made an average of 375.4 presses. 
The percentage difference relative to 
Group R No. 3 is smaller than the 
corresponding figure from Exp. I, 
so it must be concluded that the extra 
three 20NR-20R experiences did not 
produce a larger PRE. These findings 
may mean that some value less than 
or equal to four 20NR-20R or 20R- 
20NR experiences is necessary and 
sufficient to produce either the PRE 
or the inverse PRE at the full strength, 
when total number of presses is the 
criterion. 

The mean of the first eight 10-press 
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rate scores during the 55-min. NR 
session was obtained for each S. 
Analysis of variance using these 
scores resulted in an Fof 3.41 (P <.05; 
2/27 df) between the three groups. A 
subsequent Tukey analysis revealed 
that Group 20R-20NR No. 3 pressed 
slower than each of the other groups 
at the .03 level or better, but no 
other comparison was significant. 
Thus, using this measure, an inverse 
PRE was obtained in the 20R-20NR 
condition just as it had been in Exp. 
I, These results also confirm Exp. | 
in that no significant PRE was ob- 
tained in the 20NR-20R condition 
during these early presses even though 
the difference between relevant groups 
is very large later in the session. With 
respect to the effect of the additional 
20R-20NR and 20NR-20R experi- 
ences, the differences are at least 
in the right direction. The 20R-20NR 


60 


@—®GP_ R NO. 3 


O---OGP. 20R-20NR NO. 3 
O©— GP. 20NR-20R NO. 2 


50) 


a 
ò 


(SEE TEXT) 
x : 


«20| 


MEAN RATE 


amn bee 
DAYI DAY 2 


ed ee 
DAY 3 DAY 4 DAY 5 


BLOCKS OF IO PRESSES 


Fic. 3. Mean rate during all phases of ex; 


No. 3, 20R-20NR No. 3 


JENSEN 


Ss of Exp. I pressed at 56.97% of the 
rate of the R Ss during the first 100 
presses of Day 6: Group 20R-20NR 
No. 3 pressed at 55.56% of the rate of 
Group R No. 3 during the first 80 
presses of the 55-min. nonrewarded 
session. The 20NR-20R Ss of Exp. I 
pressed at 96.96% of the rate of the 
R Ss: Group 20NR-20R No. 2 
pressed at 119.99% of the rate of 
Group R No. 3 with reference to the 
first 80 NR presses of the 55-min. 
NR session. 


There are still some phenomena evi- 
dent in the data gathered prior to the 
55-min. NR session which warrant dis- 
cussion. Note, especially in Fig. 3, the 
tendency for Ss in the 20NR-20R condi- 
tion to press progressively faster during 
the second 10 NR presses as days of 
training progress. No statistical tests 
were made, but the graphs show that 
the actual trend is very strong and very 
consistent in the two 20NR-20R groups. 
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PARTIAL REINFORCEMENT EFFECTS 


This phenomenon is in every way com- 
parable to the trend noted in the 15NR- 
15R group in the runway study by Jensen 
and Cotton (1960). Both findings are 
consistent with the notion that the rat 
makes hypotheses based upon past ex- 
perience with respect to schedules of 
reinforcement. At least this is so if we 
further assume that the hypothesis 
caused by a _NR-_R schedule is one 
which results in a heightened motiva- 
tional state. On the other hand, the 
20R-20NR conditions showed a strong 
day-by-day trend toward slower pressing 
during both the first and second block 
of 10 NR presses of a day as training 
progresses. This phenomenon has been 
demonstrated three times and hence 
statistical tests would seem to be 
superfluous. 

The fact that the same number and 
proportion of NR responses can produce 
either a PRE or an inverse PRE would 
appear to have important implications 
bearing upon the understanding and 
prediction of behavior under all condi- 
tions of partial reinforcement. If it is 
true that animals characteristically make 
hypotheses about schedules of reinforce- 
ment, as they appeared to do in the 
present experiments, then psychologists 
will not fully understand partial rein- 
forcement until they find the general 
laws whereby these hypotheses are 
formed as well as the laws relating these 
hypotheses to vigor and persistence of 
responding. This problem can be re- 
duced operationally to the parametric 
study of a number of patterning variables 
such as the number of R and NR presses 
in daily R-—NR and NR-_R 
schedules and also the number of 
switches from R to NR blocks of presses 
within sessions involving more than one 
switch. 


SUMMARY 


Nine groups of 10 rats each were run 
through conditions of successive blocks of 
rewarded (R) and nonrewarded (NR) bar 
presses in a Skinner box. All Ss received 20 
rewarded presses on Day 1 and the recip- 
rocals of the time spent making the last 10 
presses were used to match groups. In one 
condition Ss received a pattern of 20NR-20R 
during each of Days 2-5 and a 55-min. NR 
session on Day 6. Another group received 
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this schedule during Days 2-8 and then a 
55-min. NR session during Day 9. Both 
groups showed a strong day-by-day trend 
to press faster during the last 10 NR presses 
of a day, and both displayed very high rates 
of pressing during the 55-min. NR session 
relative to control groups which received 
40 R presses for as many days as these groups 
received 20NR-20R scheduling. These re- 
sults are consistent with the notion that the 
20NR-20R Ss gradually formed the hypothe- 
sis that reward follows nonreward and that 
a heightened motivational state goes with 
the hypothesis. 

One group received a schedule of 20R- 
20NR during each of Days 2-5 and a 55-min. 
NR session on Day 6. Another group got 
the same treatment except that the 55-min. 
NR session came immediately after 20 R 
presses on Day 5. A third group received the 
20R-20NR schedule during Days 2-7 and a 
55-min. NR session immediately after 20 R 
presses on Day 8. All three 20R-20NR 
groups showed a day-by-day trend toward 
slower pressing during the 20 NR presses 
of a day and all showed slower rates of 
pressing during the first 80 or 100 NR presses 
of the 55-min. NR session relative to the 
appropriate 100% control groups. These 
results are consistent with the interpretation 
that these Ss gradually formed the hypothesis 
that reward does not follow nonreward within 
the same day and that a depressed motiva- 
tional state goes with the hypothesis. 
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Several writers (Duncan, 1956; 
Eysenck, 1955; Köhler & Fishback, 
1950) have suggested a similarity, if 
not an identity, between the process 
of satiation postulated by Kéhler and 
Wallach (1944) to explain certain 
displacement effects in perception, 
and the process underlying some form 
of inhibition in learning. 

Köhler and Wallach (1944) hy- 
pothesize that the act of fixating a 
“figure” sets certain electrochemical 
processes in motion in the brain, 
isomorphic to the contours of the 
figure, which, over time, create an 
area of impedance (satiation) that 
spreadsin diminishing strength through 
the immediately surrounding brain 
field. As a consequence of satia- 
tion, subsequent figural currents are 
blocked and displaced resulting in 
various types of perceptual “‘distor- 
tion.” Köhler and Wallach have 
employed this theory of brain proc- 
esses to explain the occurrence of 
figural aftereffects, reversible figures, 
and certain illusions. 


1 The authors would like to express their 
grateful appreciation to Marshall P. Smith, 
Chairman, Psychology Department, Trenton 
State College, for his aid in enlisting volun- 
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In Hullian (Hull, 1943) theory, 
inhibitory potential (Zp) consists 
two additive components: 
inhibition (Zz) and conditioned in- 
hibition (sIr). These constructs, 
extended by Kimble (1949a) and 
others to motor learning, have been 
employed to explain such seemingly 
diverse phenomena as reminiscence, 
spontaneous recovery, alternation, ex- 
tinction, disinhibition, and the superi- 
ority of spaced over massed motor 
practice. Tp is likened to a primary 
Negative drive state that develops 
whenever a motor response is made, 
tends to block the recurrence of the 
response and to dissipate spontane- 
ously with rest. ` sZp, on the other 
hand, can be viewed as a “resting” 
habit in which stimuli present during 
Ir reduction become conditioned to 
Ir and when present in the learning 
situation tend to weaken the excita- 
tory potential of stimulus situations 
otherwise evoking positive responses. 
Among the writers who have sug- 
gested a similarity between satiation 
and inhibition, Kéhler and Fishback 
(1950) did not identify their reference 
to inhibition with a particular learning 
theory, whereas both Duncan (1956) 
and Eysenck (1955) specifically re- 
ferred to Hull (1943). Duncan (1956), 
however, rejects Hull's s[p as a 
necessary construct, and limits his 
discussion to the similarity between 
Hull's Ip construct and satiation, 
both processes being viewed as central 
in locus. Eysenck (1955), for un- 
specified reasons, also limits his anal- 
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ogy to Ir. He postulates that the 
high satiater is the individual “. . . in 
whom reactive inhibition is generated 
quickly, in whom strong reactive 
inhibitions are generated, and in 
whom reactive inhibition is dissipated 
slowly. . .” (p. 97). The low satiater 
develops Iz slowly, in lesser amounts 
and dissipates it more quickly. 

The hypothesis of a similarity 
between satiation and inhibition has 
been investigated by Meier (1956) 
and Rechtschaffen (1958). For rea- 
sons to be discussed more fully in a 
later section, the results of these 
studies were not in agreement. 

The present study reports the re- 
sults of two experiments in which the 
rotary pursuit performance of high 
and low kinesthetic satiaters was 
compared under different work and 
rest schedules in an attempt to more 
fully test the similarity hypothesis 
and to identify the Hullian analogue 
of satiation in motor learning. 


GENERAL METHOD 


Subjects —Retarded adolescents were used 
in Exp. I. College sophomores were employed 
in Exp. II. 

Task order—tIn both experiments Ss were 
first given the kinesthetic figural aftereffect 
test (KAE). The Ss with extreme KAE 
scores were then tested on the rotary pursuit. 
Each experiment was completed within a 
4-mo. period. 

KAE.—Since Köhler and Dinnerstein’s 
(1947) original suggestion that kinesthetic 
aftereffects may be due to a satiation process, 
KAE has been employed widely as an index 
of kinesthetic satiation. Briefly, Sis required 
to make equality of width judgments with 
the same block before and after rubbing a 
larger (or smaller) block. For example, when 
S rubs the larger block, the standard block 
feels narrower. The amount of displacement 
is taken as an index of the strength of the 
satiation process. 

The KAE apparatus employed in the 
present study was similar to the one pictured 
by Klein and Krech (1952). It was mounted 
on two wood horses set approximately 24 in. 
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apart. Depending on S's height, S either 
stood, or sat on a stool, between the horses. 
A variable test (T) block, on which the posi- 
tion of a rider could be read to the nearest 
ds in., was situated on S's right. The rider 
was free to move along the block from the 
narrow end of 3 in. to a wide end of 2} in. 
The block was constructed so that a l-in. 
change in length corresponded to a zg-in. 
change in width. On S’s left, a rectangular T 
block 14 in. wide could be quickly replaced by 
a rectangular inspection (1) block 24 in. wide. 
All blocks were made of smooth hard wood, 
were 3% in. thick, and had riders. The Ss 
were shown the apparatus and told that they 
would be required to make equality of width 
judgments. It was demonstrated that one 
T block was ot fixed width whereas the other 
T block was thin at its lower end and gradu- 
ally widened. The S was told that he would 
be asked to hold the rectangular T block 
between the forefinger and thumb of his left 
hand, and the variable T block in the same 
manner with his right hand. By moving the 
right-hand rider either up or down the vari- 
able T block, he was to “find the spot on the 
right hand bar that feels as wide as the left 
hand bar.” The college Ss were then given 
two practice trials, while the retarded Ss 
were given four practice trials (to reduce 
their greater variability), with feedback to the 
point of objective equality (POE). All trials 
on the KAE were alternated from random 
positions below and above POE. Position 
habits were minimized by randomly shifting 
the position of the variable T block before 
each judgment. 

The normals were blindfolded before the 
initial practice judgments, the retardates 
after (for reasons of rapport). Then all Ss 
made four additional judgments without 
feedback. The algebraic mean of these 
settings defined S's point of subjective 
equality (PSE). Next, S firmly grasped the 
inspection bar and rubbed back and forth 
for 13 min. in time to a metronome set at 108 
beats per min. The test bar was then quickly 
replaced and four more equality judgments 
made. The postinspection PSE was sub- 
tracted from S’s pre-inspection PSE to yield 
S's mean displacement, or satiation score. 
These scores were measured in yẹ-in. units; 
a + sign indicated that S's postinspection PSE 
was smaller (in the expected direction) than 
his pre-inspection PSE, a — sign, the reverse. 

Rotary pursuit—A standard 60 rpm 
pursuit rotor and flexible stylus, with a silver 
head } in. in diameter, were employed. Time 
on target scores were recorded in .001 min. 
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by a standard 6v. de timer. The brass target 
was } in. in diameter and set flush 2} in. from 
the edge of the black disc, which was 1134 in. 
in diameter. The rate of rotation was 
checked daily and the stylus head and target 
were polished before testing each S. The Ss 
were given standard instructions with E 
demonstrating how to hold the stylus and 
the required circular motion, 


EXPERIMENT I 
Method 


Subjects and procedure—Two KAE scores, 
separated by an interval of not more than 
3 weeks, were obtained on 112 high-grade 
retardates (IQ above 60). The test-retest 
Pearson r was low (+.34) but significant 
(P <.01). The Ss whose KAE scores were 
consistantly high or low on both administra- 
tions were selected for the rotary pursuit task. 
Group HS (high satiation) consisted of 23 
males whose mean displacement scores were 
3.75 mm. and 3.89 mm. Group LS (low 
satiation), 24 males, had mean displacement 
scores of —.48 mm. and —.03 mm. There 
was no overlap of satiation scores among the 
two groups. A third group—Group S (spaced) 
—of 18 males was selected to provide a close 1Q 
and age match to Groups HS and LS. The 
mean IQs of Groups HS, LS, and S were 73, 
71, and 72, respectively; the mean age, 
16-6, 17-7, and 17-8. 

Rotary pursuit schedule-—The massed to 
spaced performance schedule for Groups HS 
and LS consisted of 20-sec. work and 10-sec. 
rest for 33 trials, a 60-sec. rest, followed by 
15 additional 20-sec. trials with 60-sec. inter- 
trial rest. Group S received 48 trials of 20- 
sec. duration with 40-sec. intertrial rest. 


Results 


The results are displayed in Fig. 1. 
Over Trials 12-33, Group S, as antici- 
pated, performed at a higher level 
than both Group LS (P = 02) and 
Group HS (P <.001). The Mann- 
Whitney U test was employed for all 
comparisons unless otherwise stated 
and the reported P values are all 
based on two-tailed tests. Group LS 
over this same block of trials per- 
formed at a significantly higher level 
than Group HS (P = -02) 
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high and low satiaters under a massed to 
spaced schedule, and for a control group 
under a spaced schedule. (Trials are plotted 
in blocks of three. One-minute rest for 
massed to spaced groups only.) 


The reminiscence gain (the differ- 
ence between the first three spaced 
trials and the last three massed trials) 
was also greater in Group LS than 
in Group HS (.10 > P > .05). Fi- 
nally, a comparison of the three groups 
over Trials 46-48 revealed that Groups 
LS and S were on target significantly 
more often than Group HS (P = .02 
for both comparisons). 

These results were somewhat com- 
plicated by the fact that Group 
LS performed at a higher level 
(.10 > P > .05) on the initial trial. 
In order to control for starting dif- 
ferences, an analysis of covariance 
was performed for Trials 12-33 and 
Trials 46-48. The corresponding Fs 
of 5.27 and 7.59 (for df 1/44) were 
associated with P values below the 
-05 and .01 levels. 


Discussion 


These data support the similarity 
hypothesis. The high satiater develops 
more inhibition than the low satiater 
under the massed schedule and tends to 
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“dissipate less inhibition than the low 
Satiater when switched to the spaced 
schedule. 
è The lower performance of Group HS 
“over Trials 12-33 is difficult to interpret 
since it may have been attributable to a 
faster rate of accumulation of inhibition 
during work and/or a slower rate of 
dissipation of inhibition during the 10- 
sec. intertrial rest. If all inhibition is 
viewed as Ip, in keeping with Duncan’s 
(1956) formulation, the reminiscence 
difference suggests that the dissipation 
of Ip during rest is a crucial factor. 
To test whether high satiaters also build 
in more Ip during work, as postulated 
by Eysenck, a pure massed schedule is 
needed. 

Within Hull's two-factor inhibition 
theory, the most impressive finding of 
the present study is the asymptotic differ- 
ence of Group HS relative to Group LS 
and to Group S. The low satiaters have 
not developed spr whereas the high 
satiaters are characterized by a signifi- 
cant amount of sIr. This, in turn, 
indicates. that the Ip developed during 
massing was composed of only J in the 
low satiaters, whereas it was composed 
of both Ip and sIr in the high satiaters. 
The presence of sIr in Group HS but 
not in Group LS may have resulted from 
one or a combination of the following 
factors: (a) the rate at which Jp develops 
during work; (b) the level of Ip tolerated 
before conversion to sZr takes place; or 
(c) the rate at which Zp dissipates during 
rest. In order to test possible group, 
differences in the rate of accumulation 
of inhibition and to replicate earlier 
findings, a second experiment, employ- 
ing a pure massed to spaced performance 
schedule, was undertaken. 

A later experiment, in which high and 
low satiaters were administered a com- 
pletely spaced schedule, is also reported 
here in order to establish that perform- 
ance differences between satiation groups 
can be entirely attributed to inhibition 
effects. It was anticipated that perform- 
ance differences between groups would 
not be found under the spaced schedule. 
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EXPERIMENT II 
Method 


Subjects and procedure—In selecting Ss 
for the massed to spaced schedule, the KAE 
was administered twice, in a single session, 
to 106 female college sophomores who 
volunteered for the experiment. Approxi- 
mately half the Ss rested 5 min. between 
administrations; for the remaining Ss re- 
administration of the KAE was about 20 min. 
later. This difference in test-retest time 
occurred. because Ss were also participating 
in another experiment (Spitz & Lipman, 
1960). The test-retest tetrachoric r of the 
KAE was +.74 (P < .001). 

The Ss whose KAE scores were consistantly 
high or consistantly low on both presentations 
were selected for inclusion in Groups HS and 
LS, respectively. Three Ss scheduled for the 
rotary pursuit task did not complete the 
experiment, Apparatus failure was responsi- 
ble for the elimination of an additional S. 
Group LS consisted of 13 Ss whose mean 
satiation scores were .37 mm. and .10 mm.; 
Group HS of 16 Ss with mean satiation scores 
of 5.60 mm. and 4.46 mm. There was no 
overlap of satiation scores among the groups. 

In view of the relatively high KAE reli- 
ability in the college population, Groups 
HS-S (high satiation, spaced schedule) and 
LS-S (low satiation, spaced schedule) were 
selected on the basis of a single KAE ad- 
ministration which was obtained on 111 female 
college sophomore volunteers. The Ss with 
the 18 highest and lowest KAE scores were 
selected, Two Ss, 1 HS-S and 1 LSS, 
failed to complete the experiment. Group 
HS-S consisted of 17 Ss whose mean satiation 
score was 6.21 mm. ; the mean satiation score 
for the 17 Ss of Group LS-S was .16 mm. 

Rotary pursuit schedule——Group HS and 
LS received 21 consecutive 20-sec. trials 
(7 min. pure massed) followed by a 1-min. 
rest and 21 additional 20-sec. spaced trials 
with 40-sec, intertrial rest. Continuous 20- 
sec. readings were taken during the pure 
massed trials by employing two standard 
6 v. de timers and a throw switch which Æ 
operated manually. 

Groups HS-S and LS-S received 42 trials 
of 20-sec. duration and 40-sec, intertrial rest. 


Results 


The performance curves are shown 
in Fig. 2. A comparison of Groups 
HS and LS on Trials 1-21 (lower 
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Fic. 2. Mean time on target scores for 
high and low satiaters under a spaced sched- 
ule, and under a massed to spaced schedule, 
(Trials are plotted in blocks of three, One- 
minute rest for massed to spaced groups 
only.) 


curves) revealed no reliable (P > .20) 
performance differences, (This find- 
ing has since been replicated with an 
additional 19 low and 22 high sati- 
aters.) The reminiscence gain (the 
difference between the first three 
spaced trials and the last three 
massed trials) was reliably greater 
in Group LS (P < 05) who also 
performed at a significantly higher 
level over all spaced trials (P < .05) 
and, of particular interest, over the 
last three spaced trials (P < .01). 
To control for the somewhat higher 
first trial performance of Group LS, 
these data were re-examined based on 
10 pairs very closely matched on 
Trial 1 performance scores. This 
analysis employed the signed-rank 
test and confirmed the P values 
reported above. 

An inspection of the upper curves 
of Fig. 2 reveals that the performance 
curves for the spaced practice of high 
and low satiaters are remarkably 
similar. No reliable performance dif- 
ference in total time on target over all 
trials or over the last three trials was 
found. However, both spaced groups 


performed significantly (P < -001) 
better over Trials 1-21 than the 
massed practice groups of Exp. 11. 

A comparison of Trials 40-42 of the 
LS-S, HS-S, and LS groups, revealed 
no significant time on target differ- 
ences between any of the groups. 
Although, as previously noted, Grou p 
LS performed at a significantly higher 
asymptotic level than Group HS, it 
was felt that the most reliable test 
for the presence of conditioned inhibi- 
tion in Group HS would be a com- 
parison of their asymptotic perform- 
ance with that of the combined per- 
formance of the three groups (LS-S, 
HS-S, and LS) in which inhibition 
decrements could be ruled out. This 
comparison, over Trials 40-42, re- 
sulted in the rejection of the null 
hypothesis (P = .04). 


Discussion 


The similarity of the performance 
curves of the high and low satiaters under 
spaced practice strongly suggests that 
the performance differences found be- 
tween high and low satiation groups 
under massed to spaced practice can 
safely be attributed to inhibition effects. 

The failure to find a reliable perform- 
ance difference between Groups LS and 
HS under the pure massed practice 
schedule, and the parallel nature of this 
portion of the curves, suggests that the 
Tate of accumulation of inhibition is not 
an important concomitant of satiation 
differences. This finding plus the repli- 
cation of the reminiscence and asymp- 
totic differences between the high and 
low satiaters suggests, within a one- 
factor framework, that the rate of 
dissipation of Ir is the “one-factor”’ 
analogue of satiation. 

When Trial 1 performance scores of 
high and low satiaters are pooled across 
groups (after randomly excluding Ss 
to maintain the same number of re- 
tarded and normal Ss in both groups) 
and compared by the U test, the resultant 
P is significant beyond the .01 level. 
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Thus, there is a small but statistically 
reliable starting difference between the 
high and low satiaters. In a very inter- 
esting article, Zeaman and Kaufman 
(1955) determined that individual dif- 
ferences in starting scores on a motor 
learning task reflected “. . general- 
ized conditioned inhibition (sIr), inter- 
pretable as a previously learned tendency 
to rest during assigned periods of pro- 
longed work” (p. 15). In effect then, 
the high satiater brings somewhat more 
of this learned tendency to rest to the 
experimental situation. Moreover, since 
the experimental effects were significant 
with this learned tendency to rest sta- 
tistically controlled, the finding of an 
asymptotic difference between Group 
HS and the combined scores of the other 
three groups (Fig. 2) indicates that the 
performance decrement of Group HS at 
asymptote can be attributed to the build- 
ing in of additional sIr. Thus it must be 
assumed that while the amount of Jr 
developed by the high and low satiaters 
under the pure massed schedule (Exp. 
II) did not differ significantly, the 
composition of İr did differ. That is, 
whereas the Ër developed by low satiaters 
consisted of only Ip, the Ig developed 
by high satiaters consisted of both Ir 
and sIr. In effect, then, high satiaters 
(in Exp. I and II) convert Ir to sIr 
whereas low satiaters (in Exp. I andlI) 
build in high levels of Ie without 
converting Ip to sIr. 

It is theoretically difficult to reconcile 
the depressed performance of low sati- 
aters relative to the performance of the 
spaced groups over the massed segments 
of the performance schedules with the 
fact that they do not develop slp unless 
it is assumed with Kimble (1949b) 
that Ip in addition to being a drive which 
produces resting also “. . . decreases 
work out-put, probably by interfering 
with efficient muscular co-ordination” 
(p. 501). 

An inspection of the spaced segment 
of the performance curves of the high 
and low satiaters when switched from 
massed to spaced practice (Fig. 1 and 2) 
reveals a level but not a slope difference. 
That is, after massing, the performance 
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curves of high and low satiaters, over 
Trials 34-48 in Exp. I and Trials 22- 
42 in Exp. II, are essentially parallel. 
The parallel nature of these curves 
(particularly pronounced over the earlier 
spaced trials) argues against different 
rates of dissipation of Ip beyond dif- 
ferences which have occurred during the 
interpolated rest. 

The finding of a significantly larger 
reminiscence gain in the low satiaters 
(Exp. I and Exp. II) confirms Meier's 
(1956) finding of a significant negative 
correlation of —.47 between kinesthetic 
satiation and reminiscence following 
8 min. of continuous work and a 5-min. 
rest on the inverted alphabet printing 
task. (This relatively greater remi- 
niscence gain of low satiaters, as com- 
pared with high satiaters, cannot, of 
course, be generalized to relative dissipa- 
tion rates of figural aftereffects.) The 
results of the present study and of 
Meier's study are inconsistent with 
Rechtschaffen’s (1958) failure to find 
a statistically reliable association be- 
tween visual satiation and an inverted 
alphabet printing task. However, recent 
research (Spitz & Lipman, 1960) indi- 
cates that visual and kinesthetic satia- 
tion are not significantly related. There- 
fore, Rechtschaffen’s speculation that, 
“| different neural areas were being 
tapped in the measurement of the two 
phenomena” (p. 290) would explain his 
negative finding since the inhibition 
developed in the inverted alphabet task 
would seem to be primarily kinesthetic. 
In this connection, the rotary pursuit 
task was specifically selected for the 
present study on the basis of Duncan’s 
(1957) finding that, “Reactive inhibition 
from massed practice on the rotor seems 
to be entirely the result of kinesthetic 
stimulation” (p. 619). 

In addition to the modality problem 
in Rechtschaffen's study, he worked with 
an “inhibition score” calculated by sub- 
tracting the number of letters printed 
during the last 2} min. of a 5-min. pure 
massed condition from a prior tally 
of the number of letters printed during 
2} min. of an earlier spaced condition 
(30-sec. work—30-sec. rest). The pres- 
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ent findings indicate that performance 
correlates of satiation differences are 
not revealed in a pure massed or a 
reasonably spaced schedule. 

In order to evaluate possible group 
differences in the rate of dissipation of Ig 
during the 1-min. rest in Exp. I and 
Exp. II it was first necessary, within 
Hull’s framework, to gauge the amount 
of Ig in the high and low satiaters at the 
end of massing (Trials 31-33 in Exp. I, 
Trials 19-21 in Exp. II). In the low 
satiaters, their performance decrement 
relative to the spaced group over Trials 
31-33 in Exp. I and over Trials 19-21 
in Exp. II was labeled Zp. In the high 
satiaters (Exp. I and II), their asymp- 
totic difference relative to the low 
satiaters over Trials 46-48 and 40-42, 
respectively, was subtracted from their 
performance decrement relative to the 
spaced group over Trials 31-33 in Exp. I 
and over Trials 19-21 in Exp. II, and 
the remaining decrement was labeled 
Ir. The reminiscence gain was then 
evaluated relative to the inferred amount 
of Ip in these groups. In both Exp. I 
and Exp. II the reminiscence gain of the 
high and low satiaters was judged to 
represent a very nearly equal proportion 
of the inferred amount of Ip present 
at the end of massing. 

Within a one-factor framework, sup- 
port was found for Eysenck's (1955) 
postulate that the high satiater dissi- 
pates Ip more slowly than the low 
satiater. However, no support was 
found for a different rate of Ip accumula- 
tion or differences in the amount of Ir 
accumulated. 

Finally, then, within Hull’s inhibition 
framework, the most parsimonious state- 
ment that can be made regarding satia- 
tion as a parameter of pursuit rotor 
performance is that satiation differences 
are reflected in the level of Ip at which 
conversion to sIp takes place. The 
crucial difference between the high and 
low satiater is that the high satiater 
converts Ir to slp, whereas the low 
Satiater does not. This correspondence 
between the KGhler-Wallach satiation 
construct and Hull’s sIr seems par- 
ticularly meaningful since both slr and 
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satiation are conceptualized as primarily 
central in locus. Whether slp and 
satiation are identical processes or par- 
allel processes characterized by similar 
rate constants cannot be answered with 
the present data. 


SUMMARY 


In. order to test the proposed similarity 
between cortical satiation (Kéhler & Wal- 
lach, 1944) and Hull’s (1943) inhibition con- 
structs, three groups of high and low satiaters 
(kinesthetic) were run on the pursuit rotor 
under varied conditions of work and rest. 
High satiaters, in Exp. I, performed at a lower 
level over a partially massed condition (20- 
sec. work—10-sec. rest), showed a smaller 
reminiscence gain after a subsequent 1-min. 
rest, and when switched to a spaced schedule 
(20-sec. work—60-sec, rest) performed at a 
lower level and showed an asymptotic decre- 
ment over the last three spaced trials. High 
and low satiaters in Exp. II were given a pure 
massed schedule (7 min.) followed by a 1-min. 
rest and then switched to a spaced schedule 
(20-sec. work—40-sec. rest). Although no 
significant differences were found under con- 
tinuous work, the high satiaters again showed 
a smaller reminiscence gain and an overall 
and asymptotic decrement relative to the 
low satiaters on the spaced trials. No dif- 
ferences were found between high and low 
satiaters on a spaced schedule (20-sec.-work— 
40-sec. rest), A small, but statistically 
reliable, starting difference favoring the low 
satiaters was found when first trial perform- 
ance scores were pooled across the groups. 

These results were interpreted as indicat- 
ing that the high satiater brings a somewhat 
stronger learned tendency to rest (sIr) to the 
work task and that, in addition, the high 
satiater converts Ip to sIr whereas the low 
satiater, even after prolonged periods of 
or work, does not convert Ip into 
SLR. 
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Boston University 


Among the many factors that have 
been shown to influence the strength 
and direction of exploratory behavior, 
one particular group of closely re- 
lated stimulus properties predomi- 
ates (Berlyne, 1960a). These prop- 
erties may be called “collative” prop- 
erties, since they depend on the 
collation of information from different 
sources. They include degree of 
novelty, surprisingness, complexity, 
and power to induce uncertainty. 

Meanwhile, other investigations 
have shown at least some forms of 
exploratory behavior to be part of a 
pervasive complex of psychophysio- 
logical processes which mobilize the 
organism’s equipment for gathering 
information through sensory channels 
and for taking drastic action. This 
complex, known as the “orientation 
reaction” (Berlyne, 1960a, Ch. 4; 
Sokolov, 1958), involves both transi- 
tory jumps and more lasting upward 
drifts in the level of arousal. 

The experiments to be reported 
were concerned with the third side of 
the triangle, namely the relations be- 
tween collative variables and arousal. 
There is no lack of evidence that the 
level of arousal and the magnitude 
of the orientation reaction are affected 
by collative variables in general. But 
several logically distinct collative 
variables have generally been con- 
founded in the relevant studies, just 
as they are often correlated with 


1 The author is greatly indebted to William 
E. Carr, who assisted at all stages of this 
series of experiments, and to Paul Weisberg, 
who assisted in the analysis of the data. 

The experiments were carried out at the 
National Institute of Mental Health. 


one another in naturally occurring 
situations. 

In particular, the present experi- 
ments were meant to test the hypothe- 
sis that the motivational effects com- 
mon to collative variables are due to 
conflict. The bearing of this hypothe- 
sis on exploratory and epistemic be- 
havior has been examined from a 
number of angles by the writer 
(Berlyne, 1954, 1957b, 1960a, 1960b). 
A related view has been expressed by 
Polezhaev (1958, 1959a, 1959b, 1960), 
who finds that the orientation reaction 
appears whenever antagonistic ac- 
tivities are simultaneously called forth 
in the dog. 

The hypothesis implies that the 
intensity of the orientation reaction 
will increase with degree of conflict. 
Experiments directed at the effects 
of conflict on indices of arousal have 
been scanty. There have been studies 
of disturbances in behavior due to 
conflict (e.g., Hovland & Sears, 1938), 
but these have generally confounded 
degree of conflict with novelty, sur- 
prisingness, and stimulus intensity. 
In order to test our hypothesis re- 
garding the role of conflict, we must 
devise a situation in which the degree 
of conflict can be varied without, as 
far as possible, being correlated with 
other variables that might affect 
arousal. We must also sample arbi- 
trary forms of conflict, since most 
Previous investigators have concen- 
trated on special cases, e.g., conflicts 
between affective evaluations (e.g., 
Lanier, 1941) or between vital activi- 
ties (e.g, Polezhaev, 1958, 1959a, 
1959b, 1960), and these may well 


476 


CONFLICT AND THE ORIENTATION REACTION 477 


have special properties apart from 
those possessed by conflict in general. 

In the present experiments, the 
dependent variable was the galvanic 
skin response (GSR), recorded by the 
Fels Dermohmmeter. The GSR is 
recognized as one of the vegetative 
components of the orientation reac- 
tion, and skin conductance is widely 
accepted as an index of level of 
arousal. The GSR results from direct 
stimulation of points throughout the 
brain-stem reticular formation in the 
flaxedilized cat (Bloch & Bonvallet, 
1960), and the reticular formation is 
apparently the part of the nervous 
system that has most to do with the 
orientation reaction (Berlyne, 1960a, 
Ch. 4). 

Finger volume was also recorded 
by means of a plastic capsule enclosing 
the middle finger of the left hand and 
connected through a Statham pres- 
sure transducer to a Sanborn poly- 
graph recorder. But since most of 
the fluctuations in the baseline did 
not appear to correspond to presenta- 
tions of stimuli, this measure will not 
be discussed in what follows. 


EXPERIMENT Í 


In Exp. 1, the situations selected as 
high-conflict and low-conflict condi- 
tions were, respectively, the free- 
choice and forced-choice situations 
that had previously proved service- 
able in a series of experiments on 
conflict and reaction time (Berlyne, 
1957a). The free-choice situation 
is one in which two visual stimuli 
corresponding to different key press- 
ing responses appear at once, and S 
has to respond to either stimulus but 
not both. In the forced-choice situa- 
tion, there is simply one stimulus 
corresponding to one response, so 
that S has no freedom of choice as 
far as his response is concerned. We 
speak of “high-conflict”’ and “low- 


conflict” conditions, rather than of 
“conflict” and ‘‘nonconflict”’ condi- 
tions, because, even ina forced-choice 
situation, there will presumably be 
some degree of conflict between the 
correct response and other, erroneous 
response tendencies resulting from 
stimulus generalization. 


Method 


If the usual procedure of having a short- 
lasting stimulus and instructing S to respond 
to its onset had been followed, there would 
generally have been one GSR per trial, and 
this GSR would have reflected the joint 
effects of stimulus onset, stimulus termina- 
tion, and the motor .process (including 
proprioceptive stimulation consequent on the 
performance of the response) (Terekhova, 
1958). It was therefore decided to have a 
stimulus pattern lasting 10 sec. and to in- 
struct Ss to respond to its termination. 
‘There were thus generally two GSRs per trial. 
The second of these must have reflected the 
joint effects of stimulus termination and 
response, whereas the first GSR was able 
to represent the effect of being exposed to 
stimulus elements associated with incom- 
patible responses, without being contaminated 
by any motor process. This procedure was 
called for, not only as a means of increasing 
the sensitivity of the measure of primary 
interest, but also as a control. High-conflict 
trials might possibly have produced more 
vigorous responses, resulting in GSRs of 
higher amplitude. If the effects on skin 
conductance of stimulus onset and response 
had been allowed to coincide, an invalid 
conclusion that high-conflict stimulus patterns 
produce larger GSRs might thus have been 
favored. 

Apparatus.—Apart from the Dermohm- 
meter and plethysmographic equipment, the 
apparatus consisted of a stimulus panel, a 
response unit, and a programer. The stimulus 
panel bore eight GE 44 6-v. bulbs covered 
with yellow jewels, two at each of the four 
corners of a diamond. The panel was painted 
gray, except for a white fixation spot in 
the center of the diamond. The response 
unit included a key that could be moved 
vertically or horizontally in four directions, 
corresponding to the corners of the diamond. 

The programer operated by means of a 
punched tape and was set to illuminate 
combinations of the eight lights in a pre- 
determined sequence, each combination last- 
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ing 10 sec. and separated by an 11-sec. interval 
from the next. 

Controls.—For low-conflict trials, two 
lights at one corner of the diamond were 
illuminated (hereafter referred to as an ad- 
jacent pattern), whereas, for high-conflict 
trials, two lights at different corners were 
illuminated (hereafter referred to as a 
dispersed pattern). 

Degree of conflict was thus isolated from 
stimulus intensity, since two lights were on 
during trials of both types. The adjacent 
patterns comprised one inner light and one 
outer light, It was thus necessary to control 
for distance from fixation point by arranging 
for half of the dispersed patterns to comprise 
two inner lights and the other half to comprise 
two outer lights. 

High-conflict and low-conflict situations 
did not differ in novelty or surprisingness, 
since Ss were apprised beforehand of the 
nature of the two kinds of trials and informed 
that they would be intermingled. Moreover, 
two sequences were used with equal numbers 
of Ss, each having adjacent patterns where 
the other had dispersed patterns and vice 
versa, 

There remains the possibility that different 
magnitudes of GSR may be produced by 
adjacent and dispersed stimulus patterns 
as such, regardless of the degree of conflict 
between overt responses that they occasioned, 
They may, for example, be regarded as 
differing in complexity. To test for this 
possibility, Ss were put through a preliminary 
Sequence of adjacent and dispersed patterns 
in connection with which no overt response 
Was required or even mentioned, 

Subjects —There were 24 Ss, 12 men and 
12 women. The men were 10 normal-control 
volunteer inpatients in their late teens or 
early twenties, one library assistant, and one 
research assistant in social psychology. The 
women were eight psychiatric nurses, one 
typist, one administrative assistant, one 
librarian, and one research sociologist. 

Procedure—The two sequences, X1 and 
X2, each comprised 12 adjacent patterns and 
12 dispersed patterns in a random order, 
The 4 possible adjacent patterns were used 
three times each, and the 12 possible dis- 
persed patterns of two inner or two outer 
lights once each. Half of the Ss in each sex 
group had X1 for Phase I and X2 for Phase II, 
and the remainder had the sequences in the 
opposite order. 

The S was seated in a dimly lit room in 
front of the table, facing the fixation spot. 
All recording and Programing equipment 
was located in an adjoining room, in which 
the 2 Es stationed themselves during the 
Presentation of stimuli. The capsule for 


measuring finger volume was attached to 
the middle finger of S’s left hand. The GSR 
electrodes were attached to the soles of the 
feet, since the right hand was to be used 
for key pressing, and the record would have 
been loaded with movement artifacts if the 
palmar GSR had been measured. There was 
an interval of 15 min. for skin hydration. 
Then S underwent the two experimental 
phases. 

In Phase I, S was told that lights would 
go on and off. Sometimes there would be 
two lights at the same corner, and at other 
times there would be two lights at different 
corners. He was to do nothing but sit back 
with his eyes fixed on the fixation spot, trying 
not to look at the lights directly. He was 
also to keep his feet and left hand as still as 
possible, moving them, if necessary, only 
while no lights were on. The sequence of 
stimulus patterns was then presented. 

In Phase II, S was shown the response 
unit, and it was explained that the key could 
be moved in any of four directions, cor- 
responding to the four corners of the diamond. 
There would be a sequence of lights like the 
one he had just experienced. He was to keep 
the key grasped between the thumb and first 
two fingers of the right hand and to move the 
key as soon as the lights went off. When 
there were two lights at the same corner, he 
Was to move the key in the direction indicated 
by the lights, as soon as they disappeared. 
When there were two lights at different 
corners, he was to move the key in either, 
but not both, of the directions indicated by 
the lights, as soon as the lights disappeared. 
Once again, he was to keep his eyes on the 
fixation spot and keep his feet and left hand 
still. Thesecond sequence was then presented. 


Results 


For each S, three sets of GSRs were 
examined, namely, (a) stimulus-onset 
GSRs for Phase 1, (b) stimulus-onset 
GSRs for Phase II, and (c) stimulus- 
termination-and-response GSRs for 
Phase II. A GSR was recognized if 
there was a downward deflection in the 
skin-resistance tracing during the 
action of the stimuli pattern in the 
case of a and b or during the interval 
between two successive patterns in 
the case of c. The point at which the 
first competent deflection occurred 
was treated as the initial point, and 
the point of minimum resistance 
reached by any swing starting with 
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TABLE 1 
EXPERIMENT I: TRANSFORMED GSR SCORES 


Adjacent Patterns | Dispersed Patterns 
(Low Conflict in (High Conflict in 
Phase II) Phase II) 
Phase 
Mean SD Mean. SD 
F 0.806 | 0.812 | 0.768 | 0.748 
vS 
onset 0.924 | 0.711 | 1.120 | 0.724 
IES 
termi- 
nation 
and R 1.557 | 0.748 | 1.613 | 0.654 


a competent deflection was treated as 
a peak-point. 

The resistance values read from 
the tracing were subjected to the 
log-conductance-change transforma- 
tion recommended by Haggard (1949) 
for data intended for analysis of 
variance. The actual score used was 
logi [109(1/Rp — 1/Rr) + 1] where 
Rp and Rr are the resistances, in 
ohms, at the peak-point and the initial 
point, respectively. 

For each S, a mean adjacent-pat- 
tern (low-conflict in Phase II) score 
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and a mean dispersed-pattern (high- 
conflict in Phase I) score were com- 
computed for Phase I stimulus-onset, 
Phase II stimulus-onset, and Phase 
II stimulus-termination-and-response 
GSRs. The means are exhibited in 
Table 1 and the results of analyses 
of variance in Table 2. 

The comparison of most interest 
is that between dispersed-pattern 
(high-conflict) trials and adjacent- 
pattern (low-conflict) trials for Phase 
II stimulus-onset GSRs. It will be 
seen that the mean for the former 
is higher (P < .01), as would be pre- 
dicted from the hypothesis that the 
intensity of the orientation reaction 
increases with conflict. The cor- 
responding comparison for Phase My 
in which there were no overt re- 
sponses, produces a nonsignificant 
difference in the opposite direction. 
The difference in Phase II cannot 
therefore be attributed to intrinsic 
properties of the stimulus patterns, 
and we may regard the hypothesis 
that the magnitude of the orientation 
reaction increases with degree of 


TABLE 2 
ANALYSIS OF VARIANCE For Exp. I 
Phase II 
Phase II A 
X j Stimulus Onset Stimulus Onset Laster ace Soe 
ource 
MS F MS F MS F 
Between Ss 
Order of sequences (0) 1 1.631 1.51 1.488 1.69 1,932 2.28 
Sex groups (S) 1 5.437 5.05* 2.886 3.29 0.700 0.83 
Oxs 1 0.211 0.20 1.115 1.27 2.235 25 
Residual 20 1.077 | 76.93*** | 0.878 | 16.88***| 0.846 | 13.02*** 
Total between Ss 23 
pon Ss a 
djacent/Disperse 
ace (AyD) 1 0.017 1.21 0.461 8.87** 0.037 0.57 
OX A/D 1 0.177 8.36** 0,566 | 10.88** 0.581 8.94** 
S X A/D 1 0.049 3.50 0.018 0.35 0.015 0.23 
OxSXxA/D 1 0.014 1.00 0.015 0.29 0.011 0.17 
Residual 20 0.014 0.052 0.065 
Total within Ss 24 
Grand total 47 
+P <.05. 
SUP AE 
“p. S001. 


480 


conflict as confirmed. It may be 
noted that the stimulus-termination- 
and-response GSRs in Phase II are 
higher after high-conflict than after 
low-conflict trials, but the difference 
is not significant. 

In all three analyses of variance, 
the interaction between adjacent vs. 
dispersed patterns and order of se- 
quences is significant. This simply 
reflects the fact that half of the Ss had 
Sequence X1 and the other half Se- 
quence X2 in each phase. Sequence 
X1 began with two dispersed patterns 
and X2 with two adjacent patterns, 
and the first two trials always gave 
much bigger GSRs than subsequent 
trials. The sex difference is significant 
for Phase I but not for Phase II. The 
male Ss had a higher mean (1.123 
as compared with 0.450) in Phase I 
than female Ss; however, it will be 
recalled that the two sex groups 
differed in other respects. 

The overall mean for Phase II stim- 
ulus-termination-and-response GSRs 
exceeded that for Phase II stimulus- 
onset GSRs (Ms = 3.170, 2.044; 
t= 4.02, df = 23, P <.001). And 
the mean for Phase II stimulus-onset 
GSRs exceeded that for Phase I 
stimulus-onset GSRs (Ms = 2.044, 
1.574; t = 2.39, df = 23, P< .05). 
The latter result confirms what Rus- 
sian experimenters have repeatedly 
found (e.g., Sokolov 1958, Ch. 3), 
viz., that the orientation reaction is 
more pronounced when stimuli have 
to be discriminated for the guidance 


of an overt response or, as Russian i 


writers put it, when the stimuli are 
“signal stimuli.” 


EXPERIMENT II 


Experiment II studied different 
degrees of a more complex kind of 
conflict, namely response uncertainty 
in a word association situation. The 
magnitude of the GSR was once again 
used as an index of the strength of 
the orientation reaction, 
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Laffal (1955) administered 100 stimulus 
words to 80 Ss calling for free-association 
responses. He tabulated the alternative 
responses given to each stimulus word to- 
gether with their relative frequencies and 
calculated, for each stimulus word, a response- 
uncertainty (entropy, H) value according 
to the usual information-theory formula: 
H = — Zipi logs pi. 

He argued that, since verbal associations 
are primarily culturally determined, each S 
can be assumed to have possessed a hierarchy 
of responses to each word, approximating 
the set of responses given by the population 
as a whole, with relative strengths approxi- 
mating their relative inter-S frequencies. 
The inter-S response uncertainty thus pro- 
vides an estimate of the mean intra-S response 
uncertainty. It was found that stimulus 
words with higher response uncertainties 
occasioned more “‘response faults,” e.g., fail- 
ure to recall the response when the stimulus 
word was presented a second time, excep- 
tionally high latency, misunderstanding. 

A stimulus word with which a number of 
competing verbal responses are associated is, 
of course, a conflict-inducing stimulus, and, 
in such circumstances, the information-theory 
measure of uncertainty can be regarded as a 
measure of the degree of conflict (Berlyne, 
1957b, 1960a). It should be pointed out 
that it is here a matter of an observer's un- 
certainty about the response that 5 will 
make. This must not be confused with the 
collative stimulus property we have called 
“power to induce uncertainty,” which refers 
to the generation of uncertainty inside S 
with respect to what will follow, although 
conflict is involved in both cases and the same 
information-theoretic measure is applicable. 


Method 


Material—Six high-uncertainty and six 
low-uncertainty words were selected from 
Laffal’s list. All of the words at the upper 
end of Laffal’s list that had threatening con- 
notations and also the word “suck” with its 
possible oral-erotic significance were omitted. 
Otherwise, the words selected (shown in 
Table 3) were the six with the highest response 
uncertainty and the six with the lowest 
response uncertainty cited by Laffal. The 
high-uncertainty words had a mean H of 
4.7264 (SD = 0.32) and the low-uncertainty 
words a mean H of 1.2294 (SD = 1.17), the 
means being significantly different at the .001 
level (ż = 15.75, 10 df). It will be noted that 
there were “emotional” words in both 
categories. 

_ The 12 words were arranged in a random- 
ized sequence with the restriction that each 
Successive pair of words had a. high-uncer- 
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tainty and a low-uncertainty member. The 
sequence began with a low-uncertainty word 
and ended with a high-uncertainty word. 


Subjects.—There were 13 men and 7 
women, all of whom participated in 
Exp. II either immediately after Exp. 
I or after pilot work for Exp. I. Ten 
men heard the stimulus words in the 
original sequence mentioned above. 
The remaining Ss heard them in the 
reverse order. 

Procedure.—The Ss were instructed 
to close their eyes and listen while 1 
E, sitting in the same room, read out 
alist of words. They were to respond 
in each case with the first word that 
came to mind. The words were read 
at the rate of one word every 21 sec. 


Results 


As Table 3 shows, the mean trans- 
formed GSR score for the high- 
uncertainty words, 2.508, was higher 
(P <.01, see Table 4) than the 
score for the low-uncertainty words, 


TABLE 3 
SrmuLus Worps IN Exp. II 
Position in 
Sequence H Mean 
Word (Bits) GSE 
Original | Reversed 

High-Uncertainty Words 
SPIT 12 1 4.9380 | 2.776 
TANGLE 6 1 4.8768 | 2.344 
SOOTHE 10 3 4.6808 | 2.539 
SNEAK 8 5 | 4.6448 | 2.680 
WRINKLE 2 11 4.6208 | 2.495 
DUMP 3 10 | 4.5975 | 2.217 
Means 4.7264 | 2.508 

Low-Uncertainty Words 
DWARF 5 8 1.9952 | 2.340 
STAMMER 9 4 1.5355 | 2.374 
STUMBLE 11 2 1.4979 | 1.916 
SHOVE 7 6 | 0.9337 | 2.278 
GARAGE 1 12 0.8088 | 2.776 
RIP 4 9 0.6238 | 2.312 
Means 1.2294 | 2.332 


TABLE 4 


ANALYSIS OF VARIANCE FoR EXP, II 


Source df MS 
Between Ss 
Stimulus order (O) | 1 | 0.675 | 0.03 
Residual 18 | 26.517 | 28.85** 
Total between Ss 19 
Within Ss 
Response uncer- 
tainty (H) 1| 9.793 | 10.66** 
OxH 1| 0.204] 0.22 
Residual 18| 0.919 
Total within Ss 20 
Grand total 39 
**P <0. 


2.332. The conflict hypothesis may 
thus be considered to have passed a 
further test. 


EXPERIMENT III 


Numerous experiments have established 
that the level of arousal and the magnitude 
of the orientation reaction are affected by 
stimulus novelty unconfounded with surprise. 
Separate components of the orientation reac- 
tion have been shown to weaken and finally 
extinguish altogether when a monotonous 
stimulus is repeated (Berlyne, 1960a). Sharp- 
less and Jasper (1956) demonstrated similar 
habituation when they recorded the electrical 
activity of the reticular formation directly. 
Whether or not the first stimulus in such 
repetitious sequences is surprising or not 
for a human S depends on how far he has been 
told beforehand what to expect. But the 
stimuli will certainly no longer surprise after 
a few presentations, and each succeeding 
stimulus will differ from previous ones only 
in being less novel. 

Similarly, many investigators have shown 
that the sudden unexpected introduction of an 
alteration in experimental conditions will 
intensify or disinhibit the orientation reaction, 
But we need to ascertain whether arousal is 
affected by surprisingness unconfounded with 
novelty. This was the aim of Experiment Ill. 

The conflict hypothesis interprets surprise 
as a special form of conflict, on the grounds 
that an expectation will bring out one kind 
of response and a stimulus disagreeing with 
the expectation will bring out another kind 
of response that is incompatible with the 
first. The fact that conflict independent 
of surprise has been found to influence the 
orientation reaction in Exp. I and II favors 
this interpretation. 

Stimuli that were surprising without being 
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novel were contrived in the following manner. 
The apparatus was the same as that used in 
Exp. I. The expectations to be violated were 
built up both by prior verbal description and 
by repetition of a temporal pattern. Let us 
call the two lights at the upper corner of the 
diamond “A” and the two lights at the right- 
hand corner “B.” For one sequence, U1, S 
was told that A and B would light up in 
turn. The sequence actually consisted of 
ABABABABABABABAAABAB, At Posi- 
tion 16 the A appeared in place of a B and 
is thus designated the surprising stimulus. 
The A in Position 19, which agreed with the 
expectation of alternation, was designated 
the comparison stimulus. As for the other 
sequence, U2, S was told beforehand that it 
would consist of B and A in alternation, but it 
actually consisted of BABABABABABABA- 
BABAAA. Here, the A in Position 19 was 
the surprising stimulus and the A in Position 
16 was the comparison stimulus. The stimuli 
represented by A’s were surprising but not 
novel, since the sequence had already con- 
tained several A’s and the last stimulus 
encountered was, in fact, an A. 

All Ss had both sequences, one with an 
overt key pressing response required and one 
without the overt response, order being 
counterbalanced, GSR data were recorded 
and analyzed as in the other two experiments, 

Subjects —There were 5 men and 7 women 
Ss, all of whom participated in Exp. III 
immediately after Exp. I or after pilot work 
for Exp. I. No. S participated in both 
Exp. II and III. All Ss went through two 
phases, 3 Ss having each of the following 
orders of treatments (R = “overt response”); 
UIR-U2NoR, U2R-U1NoR, U1NoR-U2R, 
U2NoR-UIR. 

Procedure.—Stimuli were programed to be 
on for 3 sec. with 9-sec. intervals between 
them. Before sequences with overt responses, 
Ss were instructed to respond to the onset 
of each stimulus pattern by moving the key 
in the corresponding direction. Before 
sequences without overt responses, they were 
told to sit back and do nothing, In both 
cases, they were to keep their eyes on the 
fixation spot and to keep their feet still, 

After the first phase, Ss were told that one 
of the stimuli had appeared out of place 
because of a hitch in the working of the 
equipment but it was hoped that such a hitch 
would not occur during the next phase. 


Results 


_ Mean transformed GSR scores are 
displayed in Table 5. Analysis of 
variance (see Table 6) shows the 
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TABLE 5 
MEAN TRANSFORMED GSR Scorts: 
Exp. III 
Surprising Comparison 
Stimuli Stimuli 
Condition Ly. 
Mean | SD | Mean} SD 
With overt R 1.918 | 1.056 | 1.132 | 1.026 
Without overt R | 0.739 | 0.870 | 0.236 


| 0.624 


mean for surprising stimuli to be 
significantly higher (P < .001) than 
the mean for comparison stimuli. 
Particularly interesting, however, is 
the fact that the interaction between 
the surprising vs. comparison stimuli 
and presence vs. absence of overt re- 
sponse did not even approach signfi- 
cance. What an interaction means 
depends, of course, on what kind of 
transformation is applied to the data. 
With our logarithmic transformation, 
the lack of a significant interaction 
means that we have no reason to 
believe that the proportion by which 
surprise enhances the rise in con- 
ductance is affected by the presence 
or absence of an overt response. 


TABLE 6 
ANALYSIS OF VARIANCE FOR Exp. III 


Source df| MS F 
Within Ss: Between 
Phases 
Presence/Absence of 
overt response (R) | 1 | 12.909 | 14.72** 
Sequences (S) 1| 1.832] 2.09 
Phases (P) 1} 0.186) 0.21 
Residual 9 | 0.877 
Total 12 
Within Ss: Within 
8 Phases 
urprising/Compari- 
son stimuli (St) 1| 4.987 |24.33*** 
X St 1| 0.240| 1.17 
SX St 1] 0.025} 0.12 
PX St 1| 0.064} 0.31 
St X Ss 11 | 0.704 | 3.43* 
Residual 9| 0.205 
otal 24 
aB S05. 
01. 
Me 2) $o. 
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Some disturbance is only to be 
expected when S is set to receive a 
stimulus calling for one sort of overt 
action and receives instead a stimulus 
calling for another sort of action. 
But it is instructive, especially in 
view of its bearing on intrinsic or 
“disinterested” exploratory activity, 
to find that a surprising event is no 
less arousing when it does not have 
any implications for S’s overt be- 
havior. Several Ss actually reported 
that they had not been paying atten- 
tion during the phase without overt 
responses and had not noticed that one 
of the stimuli appeared out of turn. 

Once again, we see that GSRs were 
significantly greater in amplitude 
when overt responses were performed 
than when they were not. This 
confirms further that “signal stimuli” 
produce greater orientation reactions 
than stimuli without signal value. 


SUMMARY 


Three experiments were carried out with 
the dual aim of studying the influence of 
collative stimulus properties on the amplitude 
of the orientation reaction and testing the 
hypothesis that conflict underlies the motiva- 
tional effects of collative variables. The GSR 
was used as an index of the orientation 
reaction, 

In Exp. I, using forced-choice and free- 
choice reactions, GSR amplitude increased 
with degree of conflict, unconfounded with 
novelty, surprisingness, intensity, and dis- 
tance from fixation point, of stimuli, A 
preliminary phase with no overt responses 
showed that the effect was not due to inherent 
properties of the stimulus patterns, ¢€.g-, 
differences in complexity. In Exp. I, using 
word association, GSR amplitude. increased 
with response uncertainty, regarded as a 
measure of degree of conflict. In Exp. III, 
stimuli that were surprising without being 
novel, surprise being interpreted as a form 
of conflict, likewise produced more intense 
GSRs than others. 
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SOME RELATIONS BETWEEN THE INTENSIVE 
PROPERTIES OF THE CONSUMMATORY 
RESPONSE AND REINFORCEMENT ! 


GEORGE COLLIER, FREDERICK A. KNARR, anb MELVIN H. MARX 


University of Missouri 


The present experiment is part of 
a series (Collier & Myers, 1961; 
Knarr & Collier, 1960) by which it 
is hoped to partial out the contribu- 
tions of the various intensive proper- 
ties of the consummatory response to 
reinforcement magnitude. By using 
a drinking tube in the runway as a 
magazine, various aspects of the 
evoking stimuli and the consumma- 
tory response can be manipulated. 
For example, by using solutions 
varying in quality or concentration 
the evoking stimuli can be varied. 
By varying the tube size and by 
removing the animal from the goalbox 
after various durations of drinking, 
numbers of licks, or volumes drunk, 
these factors can be varied and their 
effect evaluated. 

In the present study the duration 
of the contact with the magazine was 
held constant and made sufficiently 
short so that licking was continuous. 
Sucrose solutions of 4% and 32% 
were used. The concentration vari- 
able is known to affect the level of 
instrumental performance, and it is 
Presumed to affect the associated con- 
summatory performance, The present 
study provides an opportunity to 
examine their conjoint variation in a 
situation where Postingestive and 
nutritive factors play a minimal role 


This investigation was supported by 
Research Grants M-817 and M-3328 from 
the National Institute of Mental Health, 
of the National Institutes of Health, Bethesda, 
Maryland. A Teport of these data was made 
at the 1959 Midwestern Psychological Asso- 
ciation meetings in Chicago, 


because of the brief magazine con- 
tact and small volumes consumed. 
Two additional factors which have 
been hypothesized as determinants 
of the magnitude of consummatory 
responding, delay in reinforcement 
and shifts in reinforcement, have been 
varied. The manipulation of these 
variables provides the opportunity 
of observing the conjoint changes in 
consummatory and instrumental re- 
sponses as a function of changes in 
the character of reinforcement. 


METHOD 


Subjects—The Ss were 26 female, 150- 
day-old albino rats from the University of 
Missouri colony. Two Ss were discarded for 
failure on three consecutive trials to traverse 
the runway in 5 min., and a third because of a 
foot injury. 

Apparatus.—The runway (Fig. 1) was 3} 
in. wide by 5 in. high and 18 ft, long; the last 
2 ft. were not used. It was housed in a light- 
tight, sound deadened hull: The Ss were 
run in the dark. The floor consisted of nine 
2-ft. grid sections of 14 in. aluminum angle 
separated end to end by 3% in., and side to 
side by } in. Section i was divided into a 
1}-ft. startbox and a 6-in. starttime segment. 
The next five sections constituted the runway 
Proper. Section 7 contained a 2-ft. delay 
chamber. This was offset 6 in. so that the 
last 6-in. part of Section 6 was included in the 
delay chamber and the last 6-in. part of 
Section 7 was used to measure starttime out 
of the delay-chamber segment. The next 2} 
ft. contained a 24-in, endbox. Eight times 
were measured, by means of electronic 
Switches and .01-sec. Standard Electric 
timers: the time to traverse the first 6 in. 
out of the startbox, the times to traverse 
each of the next five 2-ft. sections, the time 
to traverse the first 6 in. out of the delay 
chamber, and finally, the time to traverse 
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Fic. 1. Schematic of runway. 


the endbox and contact the drinking tube. 
Time spent in retracing was included in the 
time to traverse the last section reached 
before the retracing began. 

The startbox and the two delaybox doors 
were operated automatically. The startbox 
door opened 3 sec. following the closing of 
the startbox lid. The front delaybox door 
was down when S ran into the delay chamber 
and opened after a predetermined interval 
measured from the time S touched the 
seventh grid. The rear delaybox door came 
down when S touched the seventh grid, that 
is, 6 in. after he entered the delay chamber. 
Guillotine type doors operated by a motor 
driven screw were used. 

A 50-ml. burette with a 4-mm, opening was 
used to deliver the reinforcement. It was 
located behind a 1-in. circular opening 2} in. 
above the floor in a partition in the endbox. 
The first contact with the tube started a 
Standard Electric timer. All subsequent licks 
were counted. 

Pretraining—One week before magazine 
training Ss were put on a 22-hr. food and water 
deprivation schedule and were randomly 
assigned to the two concentration groups of 
4% and 32% sucrose (percentage by weight). 

The Ss were adapted to E and the appa- 
ratus for 3 days just prior to the regular 
feeding time. Each S was handled 4 min. 
per day, then given a 5:min, exploration period 
in the runway. During exploration all doors 
were open. 

Magazine training—Each concentration 
group was randomly divided into two sub- 
groups of 6 Ss each. One subgroup of each 
concentration was trained and tested on 
alternate days. All Ss were trained for 8 
days to drink from a burette containing the 
appropriate solution. 

Runway training—Each S was given 2 
trials per day in the runway on 21 alternate 
days. The delay door was down, forcing S 
to slow down or stop, and opened 1 sec. 
after S touched Section 7. The time allowed 
to drink was held constant at 20 sec. for 12 
consecutive trials, 40 sec. for the next 8 trials, 
and 1 min. for the remaining 11 days of 
training and the remainder of the experiment. 
The time from the removal of S from the 
goalbox until he was placed again in the 
startbox, for his second daily run, was 
approximately 40 sec. 
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Delay—The 4% and 32% Ss were each 
matched into three delay groups of 4 Ss 
each on the basis of their total running speed 
during the last six pretest trials. Three 
delays were used: 1 sec. (same as training), 
3 sec., and 45 sec. 

Two test trials per day were given each S 
on 3 alternate days. Half of the Ss in each 
of the six groups were tested on different 
days; however, all Ss continued running on 
the same alternate days as in training. 

Retraining —One week following the delay 
test trials Ss were retrained to asymptotic 
runway speeds on 8 alternate days. Retrain- 
ing conditions were identical to the pretest 
runway conditions except that the 1-sec. 
delay was eliminated. 

Shift-—Two test trials were given each S 
on 10 alternate days. The Ss for each con- 
centration were matched into two groups on 
the basis of their total running speed during 
the last six retraining trials. The first group 
of each concentration was shifted to an 11.3% 
sucrose solution, whereas the second group 
was shifted to the opposite concentration 
(i.e., 4 to 32% and 32 to 4%). 


RESULTS 

Training 

Total speeds of running (over the 
103 ft. from startbox door to delay- 
box) for the means of the 21 pairs of 
daily trials for the 4% and 32% 
concentration groups are presented 
in Fig. 2. An analysis of variance 
of these data (Table 1) shows that 
both the terminal speed and the rate 
of approach (Concentration X Trials 
interaction) to these speeds are func- 


an RUNNING SPEED, 


SPEED (FT,/$EC) 


a se g0 iia mie 222 2526 2930 3534 3738 442 
TRIALS 


Fic. 2. Running speed (Clocks 1-6) and 
starting speed out of the delaybox (Clock 7) 
averaged over daily pairs of trials for the 
first 42 trials. 
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TABLE 1 


ANALYSES OF VARIANCE oF ToTaL RUNNING 
SPEED (CLocxs 1-6) AND 
TUBE Contact SPEED 
(CLocks 7-8) 


Running | Tube Con- 
Speed tact Speed 
Source df 
MS | F |Ms| F 
Between Ss 23 
Concentra- 
tion (C) 1 [100.47 | 6.60* |7.63| 7.43* 
Error (b) 22| 15.23 1.03 
Within Ss 984 


«70 .07 
Trials (T) 41/ 7.86 | 21.81**| .79 | 21.05%" 
CXT 41 «92 | 2.55**| 06| 1.68* 
Error (w) 902 36 04 


£ 
È 


tions of concentration. It should be 
noted that this level of running is 
closely approached by Trial 12 of the 
32% group, i.e., over those trials 
in which only 20 sec. contact time on 
the drinker was allowed. 

In Fig. 2 is also presented the speed 
determined from the opening of the 
delaybox door (1-sec. delay) to the 
first contact with the drinking tube, 
An analysis (Table 1) of these data 
yielded results similar to those for 
total speeds. 

In the first portions of Fig. 3 are 
presented the number of licks and the 
amount consumed for the two concen- 
tration groups. Analyses of these 
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Fic. 3. Amount consumed and number of licks over the course of the experiment. 
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consummatory measures for the last 
eight trials at each drinking time 
(i.e., 20, 40, 60 sec. blocks) revealed 
no significant differences for trials 
within blocks, concentration, or their 
combination. Although in the early 
trials the 4% Ss characteristically 
showed a greater mean number of 
licks. The differences between the 
numbers of licks and between the 
volumes consumed at the different 
drinking times (20, 40, and 60 sec.) 
were significant. Thus large differ- 
ences in the rate of acquisition and 
terminal level of starting and running 
speed occurred with’ no discernible 
differences in total amount of con- 
summatory activity. It can be seen 
from Fig. 3 that Ss consumed approxi- 
mately 2.5 ml. in 325 licks in 60 sec. 
of contact with the magazine. Any 
discussion of relative lick rates or 
ingestion rates of sugars of different 
concentrations must take the dif- 
ferences of viscosity into account. 
At 20° C., 32% sucrose is a little 
better than three times as viscous as 
4% sucrose (Swindells, Snyder, Hardy, 
& Golden, 1958). This variable might 
account for the failure of the 32% 
groups to show a greater number 
of licks in the early trials. The data 
presented later in the present report 
show a progressive increase in the 
number of licks and volume con- 
sumed in 60 sec. so that the 32% 
groups eventually significantly ex- 
ceeded the 4% on these two measures. 
Because of the differences in viscosity, 
lick rate and ingestion rate are 
not equivalent over a range of 
concentrations. 


Delay 


In order to assess the effect of delay 
the following analyses were performed 
on the six trials preceding the intro- 
duction of delay and the six delay 
trials. 

Table 2 presents the mean starting 
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TABLE 2 


STARTING SPEEDS (FT/SEC) OUT OF THE 
STARTBOX (CLOCK 1) AND THE 
DELAYBOX (CLOCK 7) AS A 
FUNCTION OF DELAY 


Startbox Delaybox 


1 3 45 1 3 45 
sec. | sec. | sec. | sec. | sec. | Sec. 


Predelay | .36 | .34 | .36 41 | 45 | 42 
Delay "35 | .35 | .35 | .39 | 41 | .24 


speeds out of the startbox and the 
delay chamber (Clocks 1 and 7) for 
the three delay groups. It is clear 
from the analysis of variance of these 
means in Table 3 that the major effect 
of the introduction of the delay was 
on the delaybox starting times and 
produced a reduction in starting 
speed which was a function of the 
length of delay. The failure of delay 
to affect startbox starting speeds 
is to be expected since it usually has 


TABLE 3 


ANALYSIS OF VARIANCE OF SPEEDS FOR 
Cocks 1 AND 7 


Source df MS F 

Between Ss 23 
Concentration (C) 1 117.46 | 12.07%" 
Delays (D) $ 985| 32 
CX 2 20.90 67 
Error (b) 18 31.16 

Within Ss 552 | 853.79 
Pretest-Test (E) 1 20.66 | 11.50%" 
Trials (T) 5 60 53 
Clocks (V) 1 14.20| 2.67 
EXT 5 42 40 
E XV 1 5.84] 9,09%** 
EXC 1 23.35 | 2.02 
EXD 2 10.42 5.80* 
D XE XV 2 7.69 | 11.99% 


CXDXEXTXV| 10 | 126] 1.02 


Error (w) 414 1.28 
e (core) 18 1.80 
e: (CDTS) 90 1.14 
e: (CDVS) 18 5.31 
e (CD EVS 90 1,02 
es (CDEVS) 18 64 
es (CDTVS) 90 95 
ez (CDETVS) 90 1.23 
*P <.05. 

* P <.01. 
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TABLE 4 
ANALYSIS OF VARIANCE OF SPEEDS FOR 
Ciocks 2-6 
Source df MS F 
Between Ss 23 
Concentration (C) 1 | 786.50 | 12.07% 
Delays (D) 2 | 13.74] 21 
CXD 2 | 639] 110 
Error (b) 18 | 65.17 
Within Ss 1416 | 2.52 
Pretest-Test (E) 1 | 15.72| 2.50 
Trials (T) 5 | 7.51] 2.56* 
Clocks (V) 4 | 7125| 31.24% 
VXC 4 | 1723| 7.56% 
CXEXT S| 7.87] 3.01% 
CXDXEXT xy 40 1.95] 1.01 
Error (w) 1062 | 2.24 
e1 (CDES) 18 | 6.28 
es (CDS 90 2.93 
ex (CDVS; 22: E228 
e1 (CDETS) 90 | 2.61 
es (CDEVS) 12 | 2:23 
es EEIN, 360 2.08 
er (CDETVS) 360 | 1.94 
*P <05 
** p <0 


its effect over trials, Concentration 
did not interact with any of the other 
variables, 

Considering now the running speed 
between the startbox and the delay- 
box (Clocks 2, 3, 4, 5, and 6), neither 
the main effect of delay nor any of 
its interactions was significant (Table 

Figure 4 shows the gradients of 
running, averaged over the two (pre- 
and postdelay) blocks of six trials. 
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Fic. 4. Gradient of Tunning to the delay- 


box before and after the introduction of 
delay, 
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TABLE 5 


SPEED OF APPROACH (FT/SEC) TO DRINKER 
AS A FUNCTION or DELAY AND 


CONCENTRATION 

Delay 
Cond. | Trial 1 sec, 3 sec. 45 sec. 
4% | 32% | 4% |32% | 4% | 32% 
Predelay| 6 | 1.14 | 1.95 | 1.50 | 2.98 | 1.62 | 2.95 
Delay 1 1-46 | 2.33 | 1.89 | 2.45 | 1.00 | 1.09 


2.26 | 2.01 | 1.79 | 1.05 | 1.69 


The fastest Tunning occurred early 
in the runway. The gradient was 
steepest for the highest concentration. 
Again as with starting speed the 
failure of delay to influence the speed 
of approach to the delaybox is to be 
expected because of the small number 
of delay trials. It is interesting to 
note in Fig. 4 that the introduction 
of delay did not produce any im- 
mediate effect on the shape of the 
gradient of approach. 

The major effect of the introduction 
of delay on the speed of approaching 
the drinker (Clock 8), as shown in 
Table 5, was to produce an immediate 
(first delay trial) drop in the speed 
of leaving the delaybox. An analysis 
of variance of these data is shown in 
Table 6. These results parallel those 
on the starting speeds from the delay- 
box (see Table 2). The size of this 
drop was an increasing function of 
the length of delay. Further, the 
greatest drop occurred for the 32% 
group, which showed the significantly 
greater speed, with little or no drop 
occurring for the 4% group. These 
data parallel those found by Collier 
and Marx (1957) for a delay intro- 
duced in the center of this runway. 

Analyses of variance, (Table 7) of 
the volume consumed and of number 
of licks showed the interactions of 
pre- and postdelay blocks and trials 
and of trials and concentrations sig- 


a 
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TABLE 6 
ANALYSIS OF VARIANCE OF SPEEDS 
FoR CLOCK 8 


Source df MS F 

Between Ss 23 
Concentration (C) 1 25.97 | 11.90** 
Delays (D) 2 7.43 3.40 
CA 2 05 02 
Error (b) 18 2.18 

Within Ss 264 .35 
Pretest-Test (E) 1 2.56 4.33 
Trials (T) 5 66 2.95* 
EXD 2 7.44 | 12.570" 
Cc XEXT s | so | 2.67* 
DXEXT 10 .28 1.28 
Cc XD XE XT 10 42 1.91 
Error (w) 198 26 
eı (CDES) 18 «59 
e: (CDTS) o0 | 22 
ea (CDETS) 90 .22 

*P <.05. 
we p < Ol. 
w P< O01. 


nificant for volume consumed (see 
Fig. 3). Both of these interactions 
appear to have resulted from a 
tendency, increasing: over trials, for 


TABLE 7 


ANALYSIS OF VARIANCE OF VOLUME 
CONSUMED AND NUMBER OF 


Licks 
Volume | No. of 
Consumed | — Licks 
Source df 
ms| r | Ms | F 
Between Ss 23 y 
tween OS tion (C) | 111681.00_|10,841.3) -79 
Delays (D) alas | 26 | 1838.9) -13 
CXD Z luir | i70 |22,875.1) 1.66 
Error (b) 18 (1.66 13,755.2 
Within Ss 264 | .09 1,306.6 
ithin, Sent (5) EEN EACE | 4087.0) 1-38 
Trials (T) L| “07 | 1108. | 2,057.5| 1.89 
EXT 3] “go |aisse#| 1138.5] .92 
TXC s| 17 |2.67% |" 8924| .82 
č xp XE XT |o] 05] si | 1,019.6) -83 
Error (w) 198| .08 1,325.1 
e1 (CDES) 18| 13 2,960.6 
e: (CDTS) 90 | <06 1,089.7 
E (EDETS) 90 | -09 1,233.2 


the 32% Ss to consume more solution 
within the 1-min. drinking period. 
Delay appears to have affected the 
4% groups, in that they showed a 
tendency to decline in consummatory 
activity following the introduction of 
delay (see Fig. 3). This pattern was 
reproduced in the lick data (Fig. 3), 
but did not reach significance. : 


Retraining 

The data of the last 3 of the 8 
retraining days (i.e., six trials) were 
analyzed. The starting speeds (Clock 
1) differed only with respect to con- 
centration. These times were, for 
4% and 32%, respectively, .26 and 
.47 ft/sec. The analysis of running 
speed for Clocks 2-7 (with delay 
chamber now removed) showed Clocks 
(P<.01; Fy = 32.26; df = 5/110), 


Concentration (P<.01; Fo=71.84; 
df=1/22), and their interaction 


(P < 01; Fve = 27.51; df = 5/110) 
to be significant. The differences 
between Trial 1 and Trial 2 on any 
given day, between days, and their 
interactions proved to be insignifi- 


cant. A plot of the Concentration 
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Fic. 5. The gradient of running to the 
endbox averaged over the last six retraining 
trials. 
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X Clocks interaction (including Clock 
8) in Fig. 5 shows a steep gradient of 
running for the 32% Ss, the fastest 
running occurring in the initial portion 
of the runway; and little or no gradi- 
ent for the 4% group. This curve is 
similar to those shown in Fig. 4. The 
additional trials appear to have in- 
creased overall speed and steepened the 
gradient. An analysis of the drinker- 
approach speeds (Clock 8) showed 
concentration to besignificant (P<.01; 
Fo = 8.52; df = 1/22). The analysis 
of volume consumed showed no dif- 
ferences (Fig. 3), while the analysis 
of number of licks showed a signifi- 
cantly larger number on the second 
trial of each day (P< .01;F= 10,98 ; 
df = 1/10), anda significantly greater 
number of licks for the 32% Ss (Fig. 
OPS Ot: ho 11.97; df = 1/22). 


Shift 

Figure 6 details the effect over trials 
of the shifts in concentration of rein- 
forcement on total running speed. 
Certain relations are readily apparent. 
By the third trial following shift, Ss 
changed from 4% to 32% sucrose 
reached approximately three-fourths 
of their average terminal rate whereas 
the group shifted from 4% to 11.3% 
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Fic. 6. Running speed (Clocks 1-8) on 
the six trials Preceding and the 20 trials 
following shift in reinforcement, 
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reached about four-fifths of their 
final rate. On the other hand, Ss 
shifted from 32% to 4% or 11.3% 
showed a gradual decline in running 
speed and an interesting periodicity. 
The second trial of each day was 
performed at a lower speed than the 
first trial and the first trial of each 
day was higher than the last trial 
of the preceding day, with very few 
exceptions. This periodicity was most 
pronounced for Ss undergoing the 
maximum downward shift (32% to 
4%). The terminal rate for both 
groups of Ss shifted to 11.3% was the 
same, approximately halfway between 
the preshift rates for the speeds on 
4% and 32%. The Ss shifted from 
4% to 32% reached an asymptotic 
terminal speed above the 11.3% 
animals and below the preshift 32% 
speed. Periodicity, of the sort found 
for the shift-down groups, did not 
occur significantly in the total speed 
measures. The Ss shifted from 32% 
to 4% arrived at a level below the 
11.3% groups but above the preshift 
4% animals, It is not clear whether 
this last group was asymptotic. 

In order to gain a more detailed 
look at these data, including the 
gradient of running, a series of 
analyses of various combinations of 
the shift groups were performed. The 
immediately preceding six preshift 
trials, the first six, and last six shift 
trials, the segments of the runway, 
and the first and second trials of each 
day were considered. 

Comparisons of the 4% and 32% 
groups shifted to 11.3%.—Figure 7 
Presents the data for the groups 
shifted to 11.3 %. Table 8 presents 
an analysis of these data for Clocks 
2-72 The first thing to be noted is 


* The same variables as in the preceding 
analysis with the exception of the concen- 


tration &roups were examined in the sub- 
sequent analyses. In order to save space 
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Fic. 7. The gradients of running on the 
six trials preceding, the six trials immediately 
following, and the final six trials following 
the shift in reinforcement. 


that the steepness of the running 
gradient over the length of the runway 
was an increasing function, with the 
11.3% gradient falling between the 
flat 4% gradient and the steep 32% 
gradient. As was the case with the 
shift in total speed, the 4%-11.3% 
group showed an almost immediate 
shift in gradient, while the 32%- 
11.3% group showed a slow shift to 
the 11.3% gradient. Most of the 
shift occurred in the last block of six 
trials. When Clock 1 and Clocks 2-7 
were examined separately for the 
two shift-down groups (32%-11.3% 


neither the tables nor the significant effects 
are mentioned. No nonsignificant effect is 
discussed without this fact being noted. All 
significant effects are mentioned. Summaries 
of the designs may be had on request. 
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and 32%-4%), it was found that the 
major part of the trial-to-trial peri- 
odicity shown in the total running 
speed measures was the result of 
starting speed measures rather than 
running speed measures. Rats started 
faster on the first trial than the second, 
but once running, ran at approxi- 
mately the same speed on both of the 
two daily trials. The analysis on the 
speed over the last runway segment 
(Clock 8) indicates that the shift-up 
group’s approach to the drinker was 
little affected by the shift, while the 
shift-down group showed a gradual 
decline to a slower approach to the 
drinker. 


TABLE 8 


ANALYSIS OF VARIANCE OF RUNNING SPEED 
OF THE 4%-11.3% AND 32%-11.3% 
SHIFT GROUPS 


Source df MS F 
Between Ss 11 72.16 
Concentration (C) 1 | 400.37 | 10.00* 
Error (b) 10 40.00 
Within Ss 1284 2.64 
Days fp) 2 53 34 
Trials/Day (T) 1 2.78 1,27 
Clocks (V) 5 76,07 | 20.64%" 
Pretest, Posttestt, 
Posttests (E) 2 15.36 | 2.61 
c x E 2 | 162.81 | 27.64%" 
Cc XV 5 20,92 | 5.66** 
c xV XE 10 13.18 | 3.86** 
Cc XD XV XE 20 1.93 | 2.05%* 


CXDXTXVXE| 20) 122] 59 


Error (w) 1070 | 193 
e1 (CDS) 20 | 1.56 
er (CTS) 10 | 218 
ei tevs 50 | 3.69 
es (CES) 20 | 5.89 
ew (CVES) 100 | 3.41 
eu (CDVES) 200 94 
eis (CDTVES) 200 | 2.06 
*P <.05. 

pP <.01. 
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Comparisons of the preshift and 
postshift 4% and 32%, groups.—Two 
analyses, one comparing the preshift 
4% group with the postshift 4% 
(iie. 32% to 4%) groups, and the 
second comparing the preshift 32% 
group with the postshift 32%, groups 
(4%-32%), yielded some interesting 
comparisons. In both cases, the 
starting speed (Clock 1) was sig- 
nificantly different. The Ss shifted 
from 32% to 4% never reached the 
slower starting speeds of the original 
4% Ss. Similarly, the Ss shifted 
from 4% to 32% never obtained the 
speed of the original 32% Ss, The 
shifted Ss again showed the significant 
periodicity only on Clock 1. Con- 
sidering the gradient of running 
(Clocks 2-7), neither of the 4% 
groups, the original or the postshift, 
showed a significant gradient, while 
both of the 32% groups did. Here 
again the Ss shifted to 32% never 
obtained the level of speed of the 
original group nor did they show the 
steepness of gradient of running, 

Comparison of the 32% groups 
shifted to 4% and 11.3% and of the 4% 
groups shifted to 11.3% and 32% — 
An analysis of the two groups shifted 
from 32% (to 11.3% and 4%) showed 
that they differed significantly in 


significantly on Clock 8, although 


than their original speed. Periodicity 
was again significant only for Starting 
speed. An analysis of the two groups 
shifted from 4% (to 11.3% and 32 %) 
showed that they differed Significantly 
in their final level, that on Starting 
speeds those „Ss shifted to 32% ran 
faster on the second trial of each day’s 
run while those shifted to 11.3% 
did not show this Periodicity, and 
that the gradient of running was 


greater for both groups following the 
shift. 

Consummatory behavior.—An analy- 
sis of the consummatory measures, 
licks, and amount consumed, on the 
last six trials of retraining (see Fig. 3) 
showed no significant differences for 
amount consumed, but a Significant 
difference in number of licks. The 
32% group showed a significantly 
greater number of licks on the second 
of the two daily trials, 

An analysis of the two 11.3% 
groups, those Ss shifted from 4% and 
those Ss shifted from 32%, showed 
no significant differences in either 
licks or amount consumed. An anal- 
ysis of the 32% Ss shifted to 4% 
and those shifted to 11.3% showed 
no terminal differences in amount 
consumed or number of licks. Both 
measures showed a drop in the first 
block of six shift trials with recovery 
by the last block of six trials. Both 
measures also showed a significant 
tendency for less solution to be drunk 
with fewer licks in the first shift 
trials. An analysis of the 4% Ss 


shifted to 11.3% and 32% showed’ 


that both groups consumed and licked 


more following the shift with greatest 


amount occurring by the last block 
of trials. Both groups showed a 
significant tendency to drink more 
and lick more on the second of the 
daily trials, with Ss shifted to 32% 
drinking significantly more than those 
shifted to 11.3%, 

Analyses Comparing the preshift 
and shifted 32% groups showed only 
a significant increase in the number 
of licks on the second of the two daily 
trials. A similar comparison of the 
Preshift and shifted 4 % groups showed 
a significant tendency for the 4% 
Ss shifted from 32% to make fewer 
licks and get more solution than the 
Original 4% group. Further, the 
Postshift 4% group consumed sig- 
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nificantly more on the second of the 
daily trials than did their predecessors. 


DISCUSSION 


If the consummatory response and its 
ancillaries are to be considered “respon- 
sible’ for variations in performance of 
an instrumental response, as some ac- 
counts of reinforcement suggest (e.g., 
Estes, 1954; Premack, 1959; Spence, 
1956), there must be some characteristics 
of the consummatory response, qualita- 
tive or quantitative, which are functions 
of the variables known to manipulate 
performance. In the present experiment 
two properties of the consummatory 
response, total frequency of licks and 
total amount consumed per trial, were 
examined as a function of the intensity 
(concentration) of the reinforcing stimu- 
lus. It was found that after a large 
number of trials both measures differed 
significantly as a function of the in- 
tensity of the reinforcing stimulus. 
Over a 1-min. interval of drinking Ss 
licked faster and drank more of the 32% 
sucrose when compared with 4%. How- 
ever, it was found that differences in 
starting speed and running speed evinced 
themselves very early, long before these 
differences in lick rate or amount con- 
sumed appeared,* and in fact the early 
differences that did appear were in the 
“wrong” direction. If then the tech- 
nique of measurement of these variables 
can be considered to produce reliable 
results, it can be concluded that neither 
variations in the amount consumed nor 
the number of licks in 1 min. of rein- 
forcement are necessary conditions for 
the production of differences in the 
instrumental response. This conclusion 
js reinforced by studies in which these 
variables are directly manipulated by 
varying tube size and amount consumed 
jointly (Knarr & Collier, 1960) or num- 


3 The early differences were in the direction 
of slower drinking for the higher concentra- 
tions, perhaps reflecting viscosity differences. 
The development of a superior rate of drink- 
ing of 32% sucrose was relatively slow, 
considering the 8 days of preliminary maga- 
zine training. 
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ber of licks (Goodrich, 1960). It may 
be argued though that it is only differ- 
ences in initial consummatory tate that 
are important. The results of the early 
trials in training require that this initial 
rate be sampled for less than 20 sec. 
It may not be concluded from these 
results that there is no property of the 
consummatory response which is neces- 
sary for differences in performance, but 
they seriously limit the possibilities. 

The model of runway behavior which 
views it as a series of discrete responses 
pinned together by stimuli arising from 
the runway, from the deprivation opera- 
tion, and from fragments of the consum- 
matory response occurring to the pre- 
ceding stimuli, leads naturally to the 
expectation of a gradient of running. 
A response chain is constructed from 
the terminal end, the responses most 
remote from the reinforcing stimuli being 
least strengthened. The present results, 
obtained under conditions where extra- 
neous stimuli were minimized, show a 
gradient contrary to the “goal gradient” 
expectations. While no data were ob- 
tained for the very early trials, the 
picture obtained is of the evolution of a 
gradient with the fastest running oc- 
curring earliest in the runway. The 
steepness of this gradient is a function 
of variables which manipulate the effec- 
tiveness of the reinforcement, for ex- 
ample, shift in reinforcement magnitude. 
The failure to obtain a gradient acceler- 
ated in the direction of the endbox, 
under conditions where external stimuli 
are minimal, raises questions about the 
serial model previously employed to 
account for runway behavior. Func- 
tionally there appear to be only three 
units—starting, running, and stopping— 
which can be independently manipulated. 
This is shown by the effects of delays, 
shifts, etc., upon these measures. Start- 
ing appears to be a function of local 
stimuli, both extraneous and constant, 
and of the consequences of the chain. 
Starting appears to be, from these and 
prior data (Collier & Marx, 1957; Wist 
& Collier, 1960), more sensitive than 
running to amount, changes, and delay 
of reinforcement. An alternative to the 
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classical view of running would be that 
it is a repetitive cyclic activity which is 
not chained by external stimuli but 
which is controlled by the terminal 
discriminative and reinforcing stimuli. 
It can be broken into segments by 
bringing it, at various points, under 
discriminative control, as is shown in 
maze studies or by the introduction of 
delays or other obstacles. Studies by 
Collier and Marx (1957) and Wist and 
Collier (1960) on the gradient of running 
preceding and following a point of delay 
have shown that such an obstacle has 
its effect mainly on the behavior im- 
mediately preceding and following the 
point and on starting behavior. Once 
running starts, it occurs at its usual 
(predelay) rate. Stopping appears to be 
a simple matter of preservation and to 
be under the discriminative control 
of the stimuli preceding the block or 
end of the runway. 

The introduction of a delay results 
in an abrupt decrement in the perform- 
ance in the running behavior following 
the delay point and a gradual decline 
over trials in the speed of running up to 
the delay point (Collier & Marx, 1957). 
It is apparent from the present results 
that there is no accompanying change 
in performance of the consummatory 
response as a function of the kind or 
durations of delay used, and that, there- 
fore, disturbances in the consummatory 
response or its precursors can not be 
used to account for the disturbances 
in running. 

The terminal level of responding and 
the course of the change are the major 
data in shift studies. No evidence for the 
“overshooting” of the preshift asymp- 
totes as a function of shift in reinforce- 
ment was obtained in the present study. 
Rather, the residual effects of the rat’s 
previous history were inertial. Both 
11.3% groups, one shifted from 32% 
and one from 4%, reached a final com- 
mon asymptote, whereas the 4 ‘ou 
shifted up to 32% reached a ae 
below the previous 32% Ss and the 4% 
group shifted from 32% reached a level 
of responding at the end of 20 trials 
above that for the original 4% group. 


These remarks must be qualified by 
noting that no control groups, i.e., groups 
continued on 4% and 32%, are available 
for comparison. It is possible that the 
speed of running associated with these 
values of reinforcement converge, in 
which case the performance might meet 
or exceed the control performance, 
Such a substantial drift in performance 
seems unlikely on the basis of our 
previous runway experience. One major 
difference between this and other studies 
which have found shift effects of the 
opposite sort (e.g., Collier & Marx, 1959; 
Crespi, 1944; Zeaman, 1949) is that 
these Ss had run 64 trials before the 
shift. Spence (1956) has shown a similar 
effect for his shift-up group after 48 
trials. Unpublished studies from our 
laboratory show that the same variable 
reduces shift effects in the Skinner box. 
A second difference between this and 
other shift studies is that these Ss were 
run two trials a day on alternate days. 
The failure to demonstrate over- or 
undershooting may be the result of the 
second trial which offers Ss two samples 
of the change in reinforcement “close” 
together in time, differing in this respect 
from the studies of Crespi (1944), Zea- 
man (1949), and Spence (1956). That 
this variable has some effect can be seen 
in the periodicity associated with the 
two trials. 

A surprising finding in the present 
study is that the course of change 
differed radically for the shift-up and 
shift-down groups. The shift-up was 
accomplished rapidly, the shift-down 
gradually and with a Periodicity (in 
Starting times) suggesting that the rat 
starts each day at a level commensurate 
with the previous reinforcement, 

The data on the consummatory re- 
Sponse did not parallel the running and 
Starting data. The rats shifted from 
32% to 4% showed increased variability 
and a dramatic drop to a level below 
the prior 4% Ss with recovery over 
trials to the 4 level. The Ss shifted 
to 11.3% became much more variable 
but showed an average level of respond- 
ing not much different from their previ- 
ous level, Both groups of Ss shifted to 
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32% showed a gradual rise to a level of 
consummatory activity above the prior 
32%. 

On the basis of these findings it may 
be concluded that variations in the total 
amount of consummatory activity are 
not necessary conditions for reinforce- 
ment. Neither do they necessarily 
parallel variations in the instrumental 
activity. 

SUMMARY 


Two groups of rats were run in a 16-ft. 
runway to a drinking tube. One group 
received 4% sucrose and the other 32%. 
Both groups were allowed a fixed time on the 
drinking tube and the number of licks, amount 
consumed, and the times to traverse succes- 
sive segments of the runway were measured. 
Following training, a delay, just preceding 
the endbox, was introduced. Following 
retraining after elimination of the delay, a 
shift in the value of reinforcement was 
introduced. 

Variation in amount of consummatory 
activity over a fixed interval of time was not 
consistently associated with variation in 
running. The high concentration group al- 
ways ran faster but drank slower (less) at first 
and faster (more) at the end of training. 
The introduction of delay did not result in 
variations in consummatory activity com- 
mensurate with those produced in running. 
The shift in reinforcement magnitude ap- 
peared to be mainly disruptive of consumma- 
tory activity, whether the shift was up or 
down, On the other hand, the shift-up groups 
showed a rapid increase in running speed to a 
level below that expected from previous as- 
ymptotic performance, while the shift-down 
groups showed a gradual drop to a level above 
that expected. The gradient of running to 
the endbox was such that under all conditions 
the fastest running occurred in the early 
portion of the runway. The steepest gradient 
occurred with the greatest magnitudes of 
reinforcement, The steepness increased over 
trials, 

Tt was concluded that variation in total 
consummatory activity is not a necessary 
condition for variation in effectiveness of 
food reinforcement. 


REFERENCES 


Couture, G., & Marx, M. H. Frustration 
and performance. Amer. Psychologist, 
1957, 12, 458, (Abstract) 

Couuier, G., & Marx, M. H. Changes in 
performance as a function of shifts in the 
magnitude of reinforcement. J. exp. 
Psychol., 1959, 57, 305-309. 

CoLLIER, G., & Myers, L. The loci of rein- 
forcement. J. exp. Psychol., 1961, 61, 
57-66. 

Creser, L, P. Amount of reinforcement 
and level of performance. Psychol. Rev., 
1944, 51, 341-357. 

Estes, W. K. Analysis of the relation be- 
tween amount of reinforcement and rate 
of conditioning in a bar-pressing situation. 
Amer. Psychologist, 1954, 9, 361. (Abstract) 

Goopricu, K. P. Running speed and drink- 
ing rate as functions of sucrose concen- 
tration and amount of consummatory ac- 
tivity. J. comp. physiol. Psychol., 1960, 
53, 245-250. 

Knarr, F. A., & COLLIER, G. Taste and 
consummatory activity in amount of 
reinforcement effects. Paper read at 
Midwestern Psychological Association, St. 
Louis, April 1960. 

Premack, D. Toward empirical behavior 
laws: I. Positive reinforcement. Psychol. 
Rev., 1959, 66, 219-233. 

Spence, K. W. Behavior theory and condi- 
tioning. New Haven: Yale Univer. Press, 
1956. 

SwInvELLs, J. F., SNYDER, C. F., Harpy, 
R. C., & GorDeEN, P. E. Viscosities of 
sucrose solutions at various temperatures: 
Tables of recalculated values. (Supplement 
to National Bureau of Standards Circular 
440) Washington, D. C.: United States 
Department of Commerce, 1958. 

Wist, E. R, & Corer, G. Delay and 
amount of reinforcement in the runway. 
Paper read at Midwestern Psychological 
Association, St. Louis, April 1960. 

Zeaman, D. Response latency as a function 
of the amount of reinforcement. J. exp. 
Psychol., 1949, 39, 466-483. 


(Received August 22, 1960) 


Journal oj Experimental Psychology 
1961, Vol. 62, No. 5, 496-502 
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It has recently been shown (Waugh, 
1961) that the serial memorization 
of digits proceeds at a constant rate, 
trial by trial. On each successive 
trial with a long list, the experienced 
S learns a new group of items farther 
down the list. Since the size of this 
group is constant, and since he seldom 
forgets an item once he has learned 
it, the total number of items that he 
can recall increases linearly with the 
number of trials. The curve for 
serial learning can in this case be 
considered to represent the number 
of trials multiplied by S's span of 
immediate memory, up to the point 
where he masters the list. 

With free recall, on the other hand, 
there is evidence that the learning 
curve is not linear but negatively 
accelerated (Bruner, Miller, & Zim- 
merman, 1955; Bush & Mosteller, 
1955; Miller & McGill, 1952). 
Why this discrepancy? One obvious 
difference between the free and the 
serial recall experiment is the order 
in which S sees the items that he is 
to learn. Thus, in Bruner, Miller, 
and Zimmerman’s (1955) study, the 
order of presentation was changed 
before every trial, while in tests of 
serial learning it is, of course, kept 
constant. Does the difference be- 
tween free and serial recall depend 
on the order in which S sees the items 
on successive trials? Or does it 
depend instead on the order in which 
he is instructed to recall them? 
These alternatives were tested in the 
present study by comparing the learn- 

1 This work was carried out while the 


author was at the Lincoln Laboratory of the 
Massachusetts Institute of Technology, 


ing curves obtained under the follow- 
ing three conditions: serial recall (S), 
free recall with the items to be recalled 
scrambled before every trial (Fy), and 
free recall with the order of the items 
kept constant (F,). The items, mono- 
syllabic English words, were pre- 
sented and recited for a constant 
number of trials. The same group 
of Ss served under each of the condi- 
tions, in order that the groups be 
directly comparable. 


METHOD 


The Ss were nine college students, five 
men and four women, who were paid for their 
services. The material that they were to 
learn consisted of 18 series of words, each 
made up of 48 randomly ordered monosyl- 
lables. Half of these words were drawn from 
lists compiled by Egan (1948) ; the other half 
were drawn at random from a list compiled 
by Moser, Dreher, and Oyer (1957). No 
item ever appeared in more than one series. 

For each of the three experimental condi- 
tions, a total of six series were exposed, each 
one for six trials. There should thus have 
been a total of 54 lists recited, six by each of 
9 Ss, under every condition, These num- 
bers were actually 53, 53, and 52 for Cond. S, 
Ta and Fy, respectively, due to absences by 

Ss. 

The words were flashed onto a screen one 
at a time by means of a slide projector and 
an associated timing device. Each was 
exposed for 1.5 sec. and was followed by a 
blank interval of .5 sec. The total time 
between the onset of one word and the next 
was therefore 2 sec. After the series of 48 
words had been shown, there was a 3-min. 
interval during which Ss were to write down 
the words that they had just seen. 

All Ss learned the same lists in the same 
order. In every session, they recited two 
lists, each under a different experimental 
condition. The 18 lists therefore required 
nine sessions, The conditions were presented 
in the following order: Fy, Fy; S, Fo; Fy, Si 
Fe, Si Fy, Fei S, Fy; Fe, Fy; S, Fe; and Fs, S 
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Thus each was paired with each of the others 
three times; each appeared first within a 
session three times; and each appeared three 
times within each half of the experiment. 
There was a 15-min. interval between lists 
within each session. 

The Ss were instructed, under Cond. F. 
and Fy, to recall as many words as they could 
in any order that they chose. Under Cond. 
S, they were instructed to recall the words 
in their proper serial positions (guessing, if 
necessary) and to write down early words 
before late ones. They were not specifically 
enjoined to attend to each successive word 
as it was exposed. 

Each S was given two 6-page answer 
booklets, with 48 numbered blanks on each 
page, along with a copy of the general instruc- 
tions, at the beginning of every session. The 
Ss were forbidden to refer back to a given 
answer sheet after the next trial had begun, 
and were not allowed to write words down 
except during the interval between trials. 
The paper on which they wrote was quite 
thick, so that writing on one page did not 
produce legible impressions on the page 
underneath. 


RESULTS 


Serial recall—The data obtained 
under Cond. S (serial recall) are 
summarized in Fig. 1. Here the 
lower set of points represents the 
mean number of words, out of a list 
of 48, that were recalled in their 
correct serial positions on each trial. 
The upper points represent the mean 
total number of words recalled per 
trial, both in correct and in incorrect 
serial positions. The smooth func- 
tions in Fig. 1 are best-fit straight 
lines through the origin, calculated 
for each set of data by a method of 
least squares. These lines clearly 
provide a good description of the 
data. 

Note that the number of words 
recalled in correct serial positions 
represents a constant proportion of 
the total number recalled. This total 
is thus the sum of two variables— 
the number in correct and the number 
in wrong serial positions—each of 
which is a linear function of the 
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Fic. 1. Mean number of words recalled 
as a function of the number of trials, under 
Cond. S (serial recall). (The triangles denote 
the number recalled in correct serial positions, 
while the squares denote the total number 
recalled. The value shown for the total 
number recalled on Trial 6 is actually a 
median, rather than a mean: the distribution 
of scores on that trial was highly asym- 
metrical.) 


number of trials. It is reasonable 
to suppose that improperly placed 
words were actually remembered in 
the correct order relative to each 
other, rather than haphazardly, and 
were simply displaced on the answer 
sheet. No attempt has been made 
to test this hypothesis. 

Table 1 shows the results of a 
detailed analysis of these data that 
was performed with the aid of an 
IBM 709 data processing machine. 
The input to this computer consisted 
of the number of each trial on which 
each S recalled each word in the 
proper serial position. Since there 
were six trials, there were 64 possible 
patterns of recall for a given word, 
ranging from recall on no trial to 
recall on all six. The data were 
reduced to a table showing the 
proportion of words associated with 
each of these 64 patterns, for all Ss 
and all lists. These proportions were 
then combined to give the values 
shown in Table 1. Here each entry 
represents the proportion of words 
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recalled for the first time on Trial j 
and recalled also on Trial ¢, ¢ being 
equal to or greater than j. Thus, 
for instance, the first column gives 
the proportion of words recalled 
for the first time on Trial 1 and then 
(reading down the column) recalled 
again on Trials 2 through 6. The 
right margin shows the total propor- 
tion of words recalled on Trial £, 
while the main diagonal gives the 
proportion recalled for the first time 
on each trial. The number of cases 
on which these proportions are based 
(2544) is given by the number of 
subject lists (53) multiplied by the 
number of words per list (48). 

The purpose of this analysis was 
to test the hypothesis that the curve 
of serial learning is linear because (a) 
words once learned are never for- 
gotten and (b) a constant number 
of new words are learned on every 
trial, so that the total number of words 
recalled after a given trial is simply 
this constant number multiplied by 
the number of the trial. According 
to this hypothesis, therefore, the 
entries in Table 1 should all be 
identical, while the marginal totals 
should increase linearly, Obviously 
the hypothesis is somewhat too simple. 

It appears, for one thing, that 
people sometimes forget a word after 
they have recalled it once. They are 
likeliest to do so on the very next 
trial, and are less likely to do so on 
later trials. This effect is evident 
in the columns of Table 1. Here we 
see, for example, that, on the average, 
about six words (12.4% of 48) are 
recalled for the first time on Trial 2. 
On the next trial, only about five 
of these six words are remembered. 
Then the proportion recalled increases 
gradually, until the original six words 
are again almost always recalled on 
Trial 6. This increase is consistent 
with the well-known principle that 
the more times a word has been 
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TABLE 1 


Proportions or Worps RECALLED ON 
EacH TRIAL (t), ANALYZED ACCORDING TO 
THE TRIAL ON WuHIcH THEY WerE First 
RECALLED (j): Conp. S (N = 2544) 


t Total 
1 2 3 4 5 6 
1 | .105 -105 
2 | .096 | 124 221 
3 | .099| 107] 167] ` 373 
4 | .103 | 116 | .147 | .143 -509 
5 |.101 |.120 | 147 | .122 | 127 617 
6 | 103) 123 | 157 | .132 | .117 | 103 | .735 


recalled already, the likelier it is to 
be recalled again. 

It is also apparent that the number 
of words recalled for the first time 
on each trial is not perfectly constant. 
If we follow the main diagonal of 
Table 1, we see instead that this 
number, expressed as a proportion, 
increases up through Trial 3. It then 
decreases, so that by Trial 6 the 
proportion of words recalled for the 
first time is almost exactly what it 
was on the first. The departure of 
these six proportions from equality 
is highly reliable (x? = 58;P < .001). 
The direction of this departure, fur- 
thermore, is contrary to what we 
might have expected. Retaini ng words 
already learned does not seem to 
interfere with learning new ones. 
Rather, it appears that mere exposure 
to the individual items in a list may 
facilitate the forming of associations 
between them, an effect that has 
been reported by Hovland and Kurtz 
(1952) and by Noble (1955). Note 
that the two effects evident in Table 
1—the forgetting of old items and 
the recalling of more new ones on 
intermediate trials—are complemen- 
tary, so that the total proportion of 
items recalled does increase linearly 
with the number of trials. 

Free recall—Free recall presents a 
very different picture. Figure 2 shows 
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the mean number of words, estimated 
across Ss and lists, that were recalled 
under Cond. Fe (constant order of 
presentation) and F, (variable order). 
These values, denoted by the circles 
and the triangles for Cond. F. and Fy, 
respectively, have been fitted with a 
simple negative exponential curve. 
A striking feature of Fig. 2 is the 
extreme similarity of the two sets 
of data. None of the small differences 
between corresponding pairs of points 
are statistically reliable. The infer- 
ence from these data is either that 
scrambling the words in a list before 
every trial does not retard learning, 
or that keeping them in the same 
order does not facilitate it, when 
learning is tested by free recall. 
Repeated contiguity between the items 
to be learned is in this instance an 
unimportant variable. 

Let us now compare Fig. 2 with 
Fig. 1. It is evident that, on early 
trials, more words are recalled, on the 
average, under Cond. Fe and F, than 
under Cond. S—a fact consistent 
with Deese’s (1957) data on the oral 
recall of spoken words after one trial. 
Note, however, that by Trial 6 the 
total number recalled is greater when 
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Fic. 2. Mean number of words recalled 
as a function of the number of trials, under 
Cond. Fe and Fy (free recall). (The circles 
represent Cond. F—words presented in a 
constant order; the triangles represent Cond. 
F,—words presented in a variable order.) 


TABLE 2 


Proportions oF Worps RECALLED ON 
Eacu TRIAL (t), ANALYZED ACCORDING TO THE 
Tria on Waich THey Were First RE- 
CALLED (j): Conn. Fe (N=2544) 


j 


t Total 
1 2 3 4 5 6 
1 | .237 .237 
2 |.208 | .244 .452 
3 |.205 | .207 | .185 597 
4 | 214] 204 | .151 | -136 .105 
5 |.208 | .207 | .154 | .112 | .089 170 
6 |1221 |219 | 163 | 116 | .074 | .045 838 


recall is serial than when it is free. 
An appreciable number of the lists 
were, as a matter of fact, recited 
perfectly on this trial under Cond. S, 
whereas almost none of the lists were 
ever mastered under Cond. F. and Fy. 
Serial recitation, therefore, was even- 
tually the more effective method of 
study in this experiment. 

The data on free recall are further 
analyzed in Tables 2 and 3, which are 
analogous to Table 1 and were con- 
structed in the same way. Here 
again each entry represents the pro- 
portion of items recalled for the first 
time on Trial j and also recalled on 
Trial t, fort >j. A comparison of 
Table 2 with Table 3 reveals differ- 
ences of very small magnitude. Nei- 
ther the rate at which old items are 
forgotten nor the rate at which new 
ones are acquired appears to depend 
in any way on whether the list is 
presented in a constant or in a dif- 
ferent order on every trial. Tables 
2 and 3 show also that the proportion 
of new words recalled on each trial 
decreases with the number of the 
trial, from an average of .249 on Trial 
1 to an average of .048 on Trial 6. 

If we now compare Tables 2 and 3 
with Table 1, we see that relatively 
more words seem to be forgotten 
when recall is free than when it is 
serial. (Thus, for example, about 
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TABLE 3 


Proportions or Worps RECALLED ON 
Eacu TRIAL (t), ANALYZED ACCORDING TO THE 
TRIAL ON Waca THEY Were First RE- 
CALLED (j): Conn. Fy (W=2496) 


t Total 
1 2 3 4 5 6 
1 | .261 261 
2 | .215 | .233 448 
3 |.218 | 181 | 188 587 
4 |.229 | .190 | .143 | 126 688 
5 | .233 | 195 | .159 | 093 | .077 157 
6 |.229 | .205 | 162 | .098 | .057 | .051 | 802 


10% of the words recalled on Trial 
1 under Cond. S are forgotten on 
Trial 2, while under Cond. F, and F, 
an average of about 16% of the 
words recalled on Trial 1 are for- 
gotten on the next trial.) This 
inference was tested by the following 
procedure. The number of words 
recalled for the first time on Trial 7 
and either (a) recalled again on Trial 
Geer lun (0) forgotten on that trial, 
under (a) Cond. S or (b) Cond. F, 
and Fy, were combined in a 2 X2 
contingency table. Five such tables 
were constructed, one for every j 
from 1 to 5. The value of chi square 
then calculated for each table was in 
every case statistically significant 
(= 7.45, P< 01;x? = 4,P < .05; 
x*=16.63, P<.001 7x°=7.01, P<.01; 
and x’ = 24.49, P < -001, for j = 1, 
2, 3, 4, and 5, respectively), 

Both of the effects evident in 
Tables 2 and 3—the forgetting of 
recently learned words, the acquiring 
of fewer new ones on later trials— 
influence the total number of words 
recalled on each successive trial. 
The overall rate at which the list 
is learned thus decreases with the 
number of trials. The result is a 
negatively accelerated learning curve, 
in contrast to the linear curve that 
results when recall is serial. The 
difference between these curves de- 
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pends not on the order in which the 
items are presented but rather on the 
order in which the learner must recall 
them. 

The effect of word Srequency.—Since 
the various lists used in this experi- 
ment were made up of words selected 
at random, it was assumed that each 
would contain both common and 
unusual words in about the same 
proportions. The effects of word 
frequency on speed of learning should 
thereby have been spread uniformly 
over the three experimental condi- 
tions. One may nevertheless wonder 
about the extent to which S’s previous 
familiarity with a word did affect 
the likelihood of his recalling it in this 
experiment. 

In order to answer this question, 
the 864 words used in this study were 
sorted according to their frequency 
of usage in printed English, as re- 
ported by Thorndike and Lorge 
(1944). A count was then made 
of the number of trials elapsing before 
each word was recalled for the first 
time by each S, Thus, a word first 
recalled on Trial 1 by 1 S, and on 
Trial 6 by another S, was assigned 
values of 0 and 5, respectively. A 
word that was never recalled by a 
given S was assigned a value of 6. 
These values were averaged across 
Ss and across words with Thorndike- 
Lorge counts of 0-9, 10-19, 20-29, 
30-39, 40-49, 50-99, and 100+ oc- 
currences per million words. There 
was no evidence that mean number of 
trials to first recall, as calculated by 
the above procedure, depended in any 
way on Thorndike-Lorge frequency, 
according to Edgington’s (1961) test 
of differences in ordered series (P=.56, 
for four runs and seven observations). 

Several earlier investigators have 
studied ease of learning as a function 
of word frequency. They have vari- 
ously reported a positive monotonic 
relation (Hall, 1954), a U-shaped 
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function (Nachmias, 1958; Peters, 
1936), and no relation (Underwood 
& Postman, 1960). The results of 
the present study agree with those 
of the latter. The procedures used 
in these various studies differ so 
widely, however, that disparate re- 
sults are not necessarily contradictory. 


DISCUSSION 


The data observed here on the serial 
learning of words are consistent with 
those reported previously on the serial 
learning of digits (Waugh, 1961): the 
number of items recalled in correct serial 
positions increases linearly with the 
number of trials. While the number 
of new words learned on each trial is not 
perfectly constant, but instead increases 
somewhat as S becomes familiar with 
the list, and while some forgetting does 
take place, the linear learning curve 
might nevertheless be said to represent 
a cumulation of memory spans. When 
recall is serial, the S’s usual strategy is 
to overlearn successive groups of words, 
starting at the beginning of the list, 
and to ignore later items while doing so. 
Thus 1 S, for instance, reported that 
he would “grab a mindful” of new words 
on every trial, rehearse this group, and 
then attach it onto the portion of the 
list that he already knew. The question 
that remains to be answered is just why 
this “mindful” that is assimilated on 
each successive trial should be limited 
to five or six words. 

It may be an important fact that 
serial learning was here tested not by 
the usual method of anticipation but 
rather by what might be termed a 
modified method of complete presenta- 
tion (McGeoch, 1942, p- 10). The S was 
not required to respond to each word as it 
came up but was instead free to dis- 
tribute his attention as he pleased 
throughout the exposure trials. He 
could thus either ignore or overlearn 
whichever items he chose. It is possible, 
therefore, that the linear learning curve 
is an effect of the testing procedure used 
here. If a constant number of items 
were attended to and thus learned com- 


pletely and discontinuously on each 
trial, while others remained unnoticed 
(and thus unlearned), the result would 
be a linear learning curve. In this 
connection, it is interesting to note that 
several recent studies which are said 
to demonstrate the all-or-none learning 
of paired associates have employed 
an exactly analogous testing procedure 
(Clark, Lansford, & Dallenbach, 1960; 
Estes, Hopkins, & Crothers, 1960; 
Rock, 1957). Now a method of an- 
ticipation would presumably require S 
to shift his attention to each successive 
item in a list, regardless of whether he 
had thoroughly committed the previous 
one to memory. Would either serial 
or paired-associate learning still appear 
to be discontinuous when tes ed by 
this method? 

The major reason, of course, for not 
using a method of anticipation in the 
present investigation was to make the 
conditions of serial recall comparable 
to those of free recall. Obviously, it 
would not make sense to test free recall 
by a method of anticipation. The 
present data show that when all of 
the experimental conditions except the 
instructions to S are equivalent, free 
recall differs markedly from serial. In 
the former case, the learning curve is 
negatively exponential ; in the latter, 
it is linear. 

The present investigation has shown 
also that it does not matter whether a 
series is reordered before every trial or 
whether it is presented in a constant 
order, when recall is free. This surprising 
outcome implies that repeated con- 
tiguity between words cannot be an 
important principle of verbal learning 
when S is not required to associate 
contiguous words. Contiguity may per- 
haps be necessary or even sufficient for 
the forming of associations. It does not 
seem to be necessary, however, for the 
maintaining of associations. A word 
js recalled just as easily when it appears 
in a new context as when it reappears 
in the same context on every trial. Of 
course, it may be that multiple associa- 
tions accrue to words that are scrambled 
before every exposure. If so, the present 
findings argue that these additional 
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associations neither facilitate nor inhibit 
recall. 

An alternative way to interpret these 
findings is to assume that no associations 
are formed between any of the items in 
a series when recall is free, so that con- 
tiguity is in this case a completely 
irrelevant variable. The persistent oc- 
currence of clusters of words on suc- 
cessive recall trials under Cond. j pAs 
evident on visual inspection of the Ss’ 
answer sheets, renders this assumption 
an unlikely one. 


SUMMARY 


The present study compares the free and 
serial recall of lists of monosyllabic English 
words over the course of six trials. In 
agreement with earlier findings, the learning 
curve for serial recall is linear, while the curve 
for free recall is negatively accelerated. The 
difference between these functions results 
from the fact that fewer new words are 
learned on each successive trial when recall 
is free, while an approximately constant 
number are learned when recall is serial. 
Relatively more words are forgotten on each 
trial, furthermore, when recall is free than 
when it is serial. Ease of learning, as denoted 
by the number of the trial on which a par- 
ticular word was first recalled, is independent 
of this word's Thorndike-Lorge frequency 
under both conditions of recall. 

Free recall was not found to depend in 
any way on whether the words to be learned 
were scrambled before every trial or were 
Presented in the same order on all trials, The 
difference between free and serial learning 
must therefore result from the order in which 
the S is required to recite these words, rather 
than on the order in which he sees them. 
Since presenting a list in the same order on 
every trial does not facilitate its free recall, 
repeated contiguity between items to be 
learned does not appear in this case to be 
an important variable. It is concluded that 
serial learning represents a cumulation of 
memory spans. Free recall, on the other 
hand, is not so easily interpreted. 
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THE EFFECTS OF AMOUNT OF REWARD, REQUIREMENT, 
AND SEVERAL RELATED PROBABILITIES ON 
HUMAN PERFORMANCE * 
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The present study is an investiga- 
tion of change in human performance 
as a result of variations in motivating 
conditions. Three of the four vari- 
ables whose arrangement constituted 
the motivation conditions have been 
shown to be positively related to 
performance in animals. They are: 
amount of reward (e.g., Crespi, 1944; 
Hulse, 1958), probability of reward 
for a given performance (Hulse, 
1958; Lewis & Cotton, 1957), and 
amount of work required in order to 
obtain the reward (Crutchfield, 1939). 
The fourth variable, probability of 
success, has been of great interest 
in recent human research but has 
been used to predict choice rather 
than performance. 

A number of theorists have sug- 
gested that performance is a result of 
some combination, usually multiplica- 
tive, of amount or value of the reward 
and probability or expectancy of 
reward (Atkinson, 1957; Edwards, 
1955; Lewin, 1938; Rotter, 1954; 
Tolman, 1955). Feather (1959a) 
reviewed these positions in a recent 
article. It is frequently overlooked, 
however, that the probability of 
reward (PrR) may be independent 
of the probability that the organism 
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will be successful at the required 
task (PrS). In general, PrR is fixed 
by the situation while PrS is a result 
of the organism’s ability at the task. 
Both of these probabilities are suf- 
ficiently meaningful for human Ss 
to report what they think they are 
and for each of these reports to 
correlate significantly and independ- 
ently with change in performance 
(Zipf, 1960). As to the combination 
of these two probabilities, it is rea- 
sonable to expect that they multiply 
together. This joint probability may 
be thought of as the probability of 
obtaining the reward if the organism 
attempts the task. 

Although usually held constant, 
it is clear that within limits, the more 
work that is required to obtain a goal, 
the more is done. This dimension 
might well interact with amount of 
reward, PrR and Prs. The experi- 
ment was, therefore, designed to 
observe the effects and interactions 
of these four variables. 


METHOD 


Design —A 3X2 X2 X 2 factorial de- 
sign was used. PrS was given three levels 
(5%, 30%, 95%) because of some indication 
from earlier data that a PrS of around 30% 
produced less change in performance than 
lower or higher probabilities. The rewards 
offered were either 10¢ or $1. The PrR was 
set at 50% or 90%. Subjects were required 
to go 1.1 or 2 times as fast as they had been 
going in order to obtain the reward. A 
positive relationship to change in performance 
was expected for each variable. 

Because this design diverges considerably 
from most studies of performance, the differ- 
ences require clarification. A primary dif- 
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ference is that the amounts, probabilities, 
and requirement for reward were not learned 
over time through experience but rather were 
given directly by instructions, This method 
is often used in human studies of choice. 

Speed on the task was the performance 
to be considered and the reward was offered 
for a particular speed. This differs from the 
usual animal study in which the reward is 
given for getting to the end of the runway 
or for making the correct choice, and the 
speed which is observed does not affect 
whether the animal obtains the reward or not. 
Therefore, the relationship of motivation to 
speed of performance is more direct in the 
Present situation, 

The effect of motivation on performance 
vs. learning was not of concern here, and Ss 
were not run to an asymptote prior to chang- 
ing the motivational conditions. Since 
opportunity to learn is the same in all con- 
ditions, it does not confound the results, 
It will lead to inaccuracy if different Ss are 
more or less able to change their speed be- 
cause they are at different Stages of learning. 
The following procedures were designed to 
reduce effects of learning and of individual 
differences, A simple task was chosen, The 
Ss were told how to perform the task and 
asked to do it that way only. Everyone had 
12 min. of practice Prior to the test trials, 
Since the details of amount of reward, 
probabilities, and requirement were given in 
instructions, they did not have to be learned, 
Furthermore, absolute Scores on the task are 
not used. Rather, each S's score is his speed 
following the change in motivating conditions 
divided by his speed Prior to that. 
index is intended to control for differences 
in ability and initial motivation. 

Task.—A card Sorting task provided the 
measure of performance, i 


that the frequency could not be recognized 
from the pattern, 
received were thoroughly mixed for frequency 
and pattern. The task had been used in 


several earlier experiments (French, Morrison, 
& Levinger, 1960; Zipf, 1960). 

Procedure—Subjects were assigned to ses- 
sions in groups of size 2 to 12, The task was 
explained and they were told that they might 
earn some money later, They sat in separate 
booths. There were three work periods of 
6 min. each, with breaks between each 
minute and a longer break between work 
periods. During ‘these breaks, different 
colored cards were placed in each slot so that 
work could later be identified as to the minute 
in which it was done. The markers were set 
to zero before each 6-min, work period, 
With them, S was able to see approximately 
how many cards he had sorted during the 
work period. 

Before Ss started to work, they were told 
to sort at a comfortable speed and to be 
accurate. Before the second work period, 
they were given an instruction sheet telling 
them to be accurate and sort at a speed that 
was comfortable, but reasonably fast. After 
the second work period, E went around to each 
booth, looked at the marker behind the deck 
of cards, and gave each San instruction sheet 
(see below). The Ss were randomly assigned 
to the 24 conditions described by these 
instructions. A brief questionnaire followed 
the instruction sheet, and another was filled 
out following the third work period. 

Instruction sheet—The following is a copy 
of the instruction sheet used before the third 
work period. All of the alternatives are 
indicated, but only one appeared in each 
Position on the actual sheets, The italicized 
Portions were filled in by E while standing 
beside S. 


Last time you sorted about X cards. In 
the next work period, which will also be 
six minutes long, I would like you to try 
to sort one and one tenth (two) times as 
many as that correctly. That is, I would 
like you to try to sort N cards correctly 
next time, 

If you had about average accuracy in 
the last work period, from what I know 
about how others have done with this 
amount of practice and under these condi- 
tions, your chances of being able to sort 
the requested number of cards next time 
are very low (low) (high). That is, the 
Probability that you will be able to count 

cards correctly next time is about 
5 (30) (95) %. 

If you do sort that many cards cor- 
rectly next time, you may receive a reward 
of 10¢ ($1) before you leave. If you do 
Sort the requested number of cards cor- 
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rectly, I will give you a folded slip of paper 
with a number from 1 to 10 on it. You may 
have five (nine) guesses at the number 
written on it. If you guess it, you will 
receive the dime (dollar). This means 
that you have a 50 (90) % chance of getting 
the dime (dollar) if you count the requested 
number of cards correctly. Only cards 
that are sorted correctly will be counted 
in figuring your total. 

After you have answered the questions 
on the next page: keep this sheet where 
you can see it so you will remember what 
it says. Then, adjust the marker paper 
behind the cards so that the top line on 
the paper is even with the top of your stack 
of cards. This will show how many cards 
you are counting as you go along. 
Subjects —The Ss were 289 men and women 

volunteers from freshman English and intro- 
ductory psychology classes at the University 
of Rochester. Men and women were always 
in separate sessions. They were told that 
the purpose of the experiment was to study 
the effects of different practice and working 
conditions on routine tasks. Five Ss had to 
be dropped when their performance data were 
lost through some error by Æ or S. To 
equalize cell Ns, only 10 Ss per cell could be 
used. The first six males and four females 
who had been obtained in each condition, 
240 Ss in all, were used in analysis of the data. 


RESULTS 


An analysis of variance was done 
on the ratio: total number of cards 
S sorted in the third work period 
divided by total number of cards S 
sorted in the second work period. 
The only significant effect was Te- 
quired speed (Req). Since experi- 
mental instructions were quite com- 
plicated, it seemed likely that the 
variables would have their effect most 
clearly immediately after the instruc- 
tions were given. The ratio: total 
number of cards sorted in the first 
minute of the third work period 
divided by total number of cards 
sorted in the first minute of the second 
work period (ts,1/t2,1) was computed. 
The abbreviation f;,; means the total 
number of cards sorted in the jth 


minute of the ith work period. These 
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scores were transformed to log (1+-X ) 
which corrected a significant hetero- 
geneity of variance. The results of 
analysis of variance on these trans- 
formed scores are given in Table 1. 
Probability of reward and Req each 
have significant effects. Probability 
of success is also significant, but the 
effect is opposite to what was ex- 
pected. Amount of reward is not 
significant, nor are any of the inter- 
actions. One second-order interaction 
which was just significant using the 
untransformed scores is just below 
significance with the transformed 
scores. This interaction appears to be 
due to the irregularity of effects in 
Low Reward as compared to High 
Reward conditions. 

Since there are no interactions, the 
variables appear to be additive rather 
than multiplicative. At least one 
animal study (Hulse, 1958) failed to 
obtain an interaction of two of these 
variables: amount of reward and 
PrR. However, it remains possible 
that better controlled research with 
a wider range of the independent vari- 


TABLE 1 


ANALYSIS OF VARIANCE OF ‘TRANSFORMED 
PERFORMANCE SCORES: 
Loe (ts,1/t2,1-+1) 


Source af | MS F 
Amount of reward 1| 000) — 
Probability of reward (B) 1 | .026| 8.67** 
Probability of success 2 | .013|4.33* 
Requirement (D) 1 | 019) 6.33* 
AXB 1 | .006] 2.00 
AXC 2 | 002) .67 
AXD 1 | .002| .67 
BXC 2| 000) — 
BXD 1 | .002| .67 
cxD 2 | 001) .33 
AXBXC 2| 000; — 
AXBXD 1} 000} — 
AXCXD 2 | .009) 3.00 
BXCXD 2| 000) — 
AXBXCXD 2 | .004) 1.33 
Error 216 | .003 
05. 
ik 
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ables will support the multiplicative 
hypothesis. 

Amount of reward.—As is often the 
case with human Ss, need or desire 
for the incentive was not controlled 
in this study. It is thus possible for 
variability in desire for the reward 
to obscure the effect of amount of 
reward. Using verbal reports, we 
can infer this from these data. Im- 
mediately after being informed of 
the reward-conditions, Ss were asked 
how much they wanted the reward, 
Answers were checked on a nine-point 
scale. Table 2 shows the distribution 
of high and low reward groups on 
this dimension broken as nearly as 
possible into thirds, Although the 
larger reward is generally more pre- 
ferred, there are many who want 10¢ 
more than others want $1. Pre- 
sumably the dime is valued as a 
symbol of success. Desire for the 
reward has a low but significant 
correlation with the transformed per- 
formance scores across all conditions 
(r = .17, N = 214,P < .05). 

Another matter of interest con- 
cerning the amount of reward is the 
general regularity of the data in High 
and Low Reward. The other three 
variables are all closely connected 
to the Monetary reward. PrR is 
clearly so. Req is the speed necessary 
to obtain the reward. PrS is the 
Probability of reaching the Req in 
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TABLE 2 


NuMBER or Ss IN HIGH AND Low REWARD. 
GROUPS WITH VARYING DESIRE TO 
OBTAIN THE REWARD 


Desire for Reward 


of Reward a 
Low Medium High 

1o¢ | 52 38 30 | 120 

$i 17 33 70 | 120 

Total | 67 71 | 100 | 240 


order to be eligible for the reward. 
Assuming that 10¢ is generally a less 
valuable reward than $1, even though 
it produces as much work by S, we 
might expect that relatively more 
nonmonetary factors are motivating 
S to work in Low Reward conditions 
than in High Reward. Need to 
achieve, desire to please the experi- 
menter, and other personality factors 
may be involved. Regardless of what 
the other factors are, we would 
expect that PrR, Req, and PrS would 
be more important determiners of 
performance in High Reward than in 
Low. Table 3 presents the means 
of the transformed performance scores 
for the entire 24 cells, It is readily 
seen that within High Reward these 
three variables each have completely 
regular effects in line with the over- 
all findings, while within Low Reward 


TABLE 3 


MEANS oF TRANSFORMED PERFORMANCE Scores 1 


N EACH CONDITION 


10¢ Reward 
ati Be $1 Reward 
5% Prs 30% PrS 95% Prs 5% PrS 30% PrS 95% PrS 
2.0 50% 320 320 326 
F x $ .367 -334 -320 
90% 1337 -369 .345 373 1337 327 
1.1 50% 328 313 280 
i $ i -318 -316 -302 
90% 364 -326 «330 340 336 311 


Note—N = 10 per cell, 
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these variables have quite irregular 
effects. 

Probability of reward.—In compar- 
ing the experimental groups on initial 
performance (t21), it was found that 
those Ss who later received the Low 
PrR instructions were significantly 
faster than those who later received 
the High PrR instructions. All Ss 
had been treated alike before these 
instructions were given. They were 
randomly assigned to conditions and 
in each experimental session every S 
was assigned a different condition. 
It appears to be a chance effect, but, 
it makes interpretation of the PrR 
variable questionable. However, it 
is possible to draw a tentative con- 
clusion. On the absolute test score 
(ts,1) High and Low PrR do not differ. 
They have shifted from a pre-experi- 
mental difference to no difference, 
indicating that the High PrR Ss 
increased more than the Low PrR Ss, 
as expected. 

As shown on Table 1, a significant 
effect is obtained for this treatment 
using the index #s,1/f2,1, which is a 
measure of relative change. How- 
ever, this index takes advantage of 
the initially low score of the High 


PrR Ss. The index is negatively 
correlated to tz „(r = —-41, N = 240, 
P = 01). This is precisely the type 


of correction which the index is 
designed to make, giving more weight, 
for the same absolute increase by 
initially low scorers, than to initially 
high scorers. A more appropriate 
index would, of course, be independent 
of initial scores. Neither the assump- 
tions made by the index nor the cause 
of the initial difference in the experi- 
mental groups are sufficiently under- 
stood to accept this result. Current 
research, utilizing more levels of 
PrR, indicates that change in per- 
formance is an increasing linear func- 
tion of PrR. 
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Probability of success —This vari- 
able did not show the relationship 
to performance that was expected. 
A trend analysis is not presented 
because of the unequal spacing of 
the levels. However, performance 
change is clearly a decreasing function 
of PrS. The trend appears to deviate 
slightly from linear, having the gen- 
eral form of a negative exponential 
function. (The means of transformed 
scores for 5%, 30%, and 95% are 
respectively :.341, 331, .318, rz = 006.) 
The direction of this relationship is 
opposite to that found in earlier 
correlation studies. The lower the 
probability of success, the greater was 
the increase in speed. A measure of 
what S thought his probability of 
success was showed that the prob- 
ability given in the instructions was 
generally accepted. However, the 
instructions seem merely to have 
indicated to S how hard he would 
have to work to achieve the goal. 
Right after reading the instructions 
about the conditions of reward, Ss 
were asked how hard they would 
have to try in order to succeed. 
Using this measure as the dependent 
variable, an analysis of variance 
of the same form as that shown in 
Table 1 was done. Both Req and 
PrS had significant effects (Req, 
dja 121.14, P < .005; PrS, 
df= 2, F= 6.18, P < .005). No 
other effects were significant. The 
larger the requirement and the less 
the purported chances of success, 
the harder Ss felt they would have to 
try to succeed, and, indeed, the more 
they increased their speed. 

The dependent variable—It was 
decided prior to obtaining the data 
for this experiment that the dependent 
variable would be a ratio of speed 
on the test trial divided by speed on 
the trial prior to the test. This index 
had been used before (French et al., 
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1960; Zipf, 1960) and is intended to 
control for the effects of individual 
differences in ability and motivation 
on the task prior to the reward in- 
structions. It assumes that the faster 
S is going before motivating condi- 
tions are changed, the better able he 
will be to increase his speed subse- 
quently. There is reason to accept 
this assumption, within limits, Sev- 
eral early studies on the effects of 
practice on performance of clerical 
tasks indicate that Ss who are better 
at the beginning of practice improve 
more with practice than do the poorer 
Ss (Anastasi, 1934; Thorndike, 1916). 

It is instructive to compare the 
results obtained with this index of 
performance with several others that 
might have been used : absolute speed 
on the test trial tsı, and the differ- 
ence between the test trial and the 
trial prior to change in motivation 
t3 1— tz. Using the same analysis 
as shown in Table 1 with these as 
dependent variables, there are no 
significant effects on fs and only 
Req is significant in its effect on 
ts1—ty 1. Discounting the variable 
PrR for reasons given above, the ratio 
Score obtains significance on two 
variables: the difference score on one 
variable and the absolute score on 
none. The ratio score would seem 
to be a more sensitive measure. 

The use of the ratio is far easier 
than either matching groups or par- 
tialing out initial Score with analysis 
of covariance, and possibly provides 
a better control, It is hoped that 
the index will lend itself to quantita- 
tive rather than merely directional 
predictions, which will apply to dif- 
ferent tasks. Since the ratio would 
be seriously affected if Ss were near 
an upper limit of speed, a measure 
of S’s upper limit of speed has been 
obtained in a more recent experiment, 
This measure will be used to clarify 
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the type of index necessary to take 
account of differences in upper limit 
of performance as well as “operant 
level.” 


Discussion 


The importance of this study is seen 
as providing a simple method of studying 
and scoring human performance both 
so that comparisons may be made with 
animal studies of motivation and per- 
formance and so that other factors 
which are more relevant to human 
behavior may be considered. The find- 
ings of animal research on the variables 
of the present study were mentioned 
above. The majority of studies of 
human behavior utilizing these variables 
have examined choice rather than per- 
formance. We might expect, however, 
that direction and intensity of behavior 
might have some commonality and 
comparison with these findings is of 
interest. 

We have tentatively concluded that 
Ss increase their speed more when the 
probability of reward is 90% than when 
it is 50%. Edwards (1953) has shown 
that when postive expected value of a 
bet is held constant, preferences have 
a nonlinear relation to probability of 
winning and that 50% is preferred over 
90%. When the expected value of bets 
differ, Ss do not bet so as to maximize 
expected value (Edwards, 1954). Prob- 
ability preferences have been related 
to various Personality characteristics 
(Atkinson, 1957; Scodel, Ratoosh, & 
Minas, 1959). If preferences of this 
nature are operating, they would tend 
to confound the effect of PrR on per- 
formance. However, none of the choice 
studies seem to have considered very 
simple decisions where expected value 
was clearly different as would be com- 
Parable to the values in this study, for 
example: 50% chance of getting $1 
versus a 90% chance of getting $1. The 
writer has some preliminary data to indi- 
cate that in such simple decisions, almost 
every person chooses the higher prob- 
ability. Furthermore, Feather (1959b) 
has shown that Ss wish for less probable 
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goals but tend to choose more probable 
goals when the choice involves com- 
mitment to action. Another of his 
findings is compatible with a result of 
this study. In an achievement situation 
difficult tasks are preferred over easy 
ones while the reverse is true in a relaxed 
situation. The Ss in the present study 
who were told that they had a small 
chance of succeeding were probably in a 
more extreme achievement situation 
than were those who were told that they 
were very likely to succeed, and perhaps 
placed a greater value on doing well. 

Explicit comparisons of how these 
factors affect choice and performance 
must await research in which both choice 
among tasks and performance on these 
tasks are observed. Such research will 
be in order when more is understood 
about factors affecting simple choice 
and performance situations. 


SUMMARY 


Four variables were investigated for their 
effect on human performance. They were: 
amount of reward, probability of reward 
for successful performance, probability of 
success, and amount of increase in speed 
required. Probability of success and required 
increase in speed had significant effects on 
performance. No conclusion was possible 
for probability of reward with these data. 
Although amount of reward was not effective, 
a measure of desire to obtain the reward was 
significantly related to performance. A num- 
ber of theories would suggest that the inde- 
pendent variables of this study would have 
multiplicative effects. However, no evidence 
of this was found. 

Several different indices of performance 
were compared. A ratio of speed following 
the change in motivating conditions divided 
by speed before the change was shown to be 
more sensitive to the independent variables 
than either absolute speed or absolute change 
in speed, 
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PERSEVERATION AS A FUNCTION OF DEGREE OF 
LEARNING AND PERCENTAGE OF REINFORCE- 
MENT IN CARD SORTING? 

ALBERT ERLEBACHER? AnD E. JAMES ARCHER 


University of Wisconsin 


The purpose of this study was to 
investigate the effects of degree of 
learning and percentage of reinforce- 
ment, and especially their interaction, 

* on perseverative errors in concept 
formation. Normally in the Wiscon- 
sin Card Sorting Test (WCST), S is 
required to sort a deck of cards ac- 
cording to the stimulus dimension Æ 
arbitrarily considers correct (Stage I). 
After S has achieved a criterion in 
Stage I, E, without informing S, 
changes the correct dimension (Stage 
MD) TENS erroneously continues to 
sort according to the formerly correct 
dimension in Stage II, the response 
is called a perseverative error, 

Using the WCST, Grant and Berg 
(1948) and Grant and Cost (1954) 
had different groups of Ss achieve 
different criteria before shifting to a 
new correct stimulus dimension. They 
found that there Was an inverse 
relationship between the number of 
reinforced trials in Stage I and the 
number of Perseverative errors in 
Stage IL.* These findings seem to 
contradict the results of studies on 
simple learned responses in which a 
greater number of reinforcements 
usually leads to a persistence of the 
response. Grant and Cost (1954), 
however, believed that this incon- 
sistency was only superficial, They 


‘This research was Supported in part b 
NSF Grant G-1691 and while the aetna 
author was a University Fellon f 

? Now at Northwestern University, 

`I or similar results in animal learning 
studies see Reid (1953), Pubols (1956), and 
Capaldi and Stevenson (1957). 


suggested that S must learn to dis- 
criminate the change in the correct 
stimulus dimension and that this 
discrimination is facilitated by a large 
number of reinforcements, 

This hypothesis is reminiscent of 
the hypothesis Proposed by many 
researchers (e.g., Grant & Schipper, 
1952; Humphreys, 1939) to account 
for increased resistance to extinction 
following partial reinforcement as 
opposed to 100% reinforcement in 
conditioning studies. 

If Stage II is analogous to an extinc- 
tion phase in simpler tasks we would 
predict that the number of persevera- 
tive errors should be inversely related 
to the percentage of reinforcement. 
Accordingly, three levels of percentage 
of reinforcement were investigated in 
the present study. 

Furthermore, it seems very likely 
that the effect obtained under partial 
reinforcement is dependent on the 
number of trials during acquisition. 
It is not likely that there would be 
differential resistance to extinction 
under various percentages of rein- 
forcement when only a few acquisition 
trials are given; if a larger number of 
trials were given however, there 
should be a differential resistance to 
extinction under various percentages 
of reinforcement. Perhaps this differ- 
ential resistance to extinction even 
increases as a function of the number 
of trials. Indirect evidence for this 
hypothesis can be found in Grant 
and Berg (1948), and Grant and Cost 
(1954) who have shown that the 
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number of reinforcements influences 
the number of perseverative errors. 
These findings, however, followed 
100% reinforcement, and it is entirely 
possible that these results would not 
obtain under other reinforcement 
schedules. In fact, if a low percentage 
of reinforcement is similar to extinc- 
tion, then with a greater number of 
trials, there should be greater gen- 
eralization to extinction and thus, 
the greater the number of trials given 
in a low reinforcement first sorting 
stage, the longer should be the per- 
severation. Thus it seemed advisable 
that in addition to percentage of rein- 
forcement, the number of trials dur- 
ing the first sorting stage should also 
be varied. The most interesting part 
of the results should be the Per- 
centage Reinforcement X Degree of 
Learning interaction. 

To increase the generality of the 
results the experiment involved repli- 
cations with WCST concept varied. 
The WCST allows cards to be sorted 
according to form, number, and color. 
Thus, S was started in Stage I on one 
of the three dimensions and then 
switched to one of the other two. 


METHOD 


Experimental design.—Three variables were 
presented according to a 3 X 3 X 6 orthog- 
onal design. These variables were percentage 
of reinforcement (25, 50, 100%), degree of 
first stage learning (10, 20, 40 trials), and 
stimulus dimensions in the two stages (form- 
number, form-color, number-form, number- 
color, color-form, color-number). In addi- 
tion, one reinforcement sequence was used 
for half the Ss in each partial-reinforcement 
group while another sequence was used for 
the other half. 

Subjects —Two Ss were run in each of the 
72 treatment conditions under partial rein- 
forcement and 4 Ss were run in each of the 
18 treatment conditions under 100% rein- 
forcement, This makes a total of 216 Ss. 
The Ss were all students in undergraduate 
psychology courses at the University of 
Wisconsin and were assigned to the various 
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treatment cells at random with the restriction 
that the experiment be completed once before 
it was replicated. A time limit of 35 min. 
was arbitrarily chosen for learning in Stage 
I. Any S who exceeded this time limit was 
dropped from the experiment. Twenty-five 
Ss were dropped for this reason; 12 were to 
have sorted according to color and were in 
the 25% group, 5 were in color-50%, 2 in 
color-100%, and 6 in form-25%. Twenty- 
three Ss were dropped for reasons not related 
to any experimental conditions, mainly 
because of apparatus failure. 

Materials and apparatus ——The materials 
used were a modification of the WCST, The 
WCST consists of cards showing figures 
which vary in three stimulus dimensions: 
form (circles, triangles, crosses, and stars), 
number (1, 2, 3, and 4), and color (red, green, 
yellow, and blue). For example, one card 
might show four red crosses and another 
might have one green circle. 

The WCST cards are normally sorted 
into four piles, the first labeled by one red 
triangle, the second by two green stars, the 
third by three yellow crosses, and the fourth 
by four blue circles. Thus, S can make one 
of four responses. He can sort according to 
form, number, or color, or he can make a 
response which is none of these and which is 
unanalyzable. 

In order for each response to be unam- 
biguously classified only 24 of the standard 
64 cards can be used. For example, none may 
have a combination of red and one, or red 
and triangle, or one and triangle. Cards 
with combinations of levels for the other 
label cards were also eliminated. The set 
of 24 cards used in this experiment thus 
represented all possible combinations of the 
four forms, four numbers, and four colors 
which did not represent any of the above 
combinations. 

The cards were not actually presented to 
Ss, but were projected on the back of a milk- 
glass screen by a Dunning Animatic 16 mm. 
strip-film projector. The Ssatina4 X4X8 
ft. booth directly in front of the screen, which 
was approximately 114 in. wide and 74 in. 
high. The pictures were approximately 
7} in. square. 

The cards used were those of the “un- 
systematic” type (Grant & Curran, 1952). 
That is, the position of figures on a card was 
unrelated to the number of figures. The film 
strip was a closed loop and contained 192 
pictures. Each combination of dimensions 
appeared eight times but unlike the standard 
WCST, four different configurations were 
used for each combination of dimensions. 
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A special procedure was followed in order- 
ing the presentation of the cards. Essentially 
the entire sequence represented eight different 
orders of the 24 cards. Four sets of the 24 
cards were made up, the sets differing only 
in card configuration. The 24 cards of one 
configuration set were randomly ordered. 
The cards of the other three sets were ordered 
systematically on the basis of this first order. 
The four sets of cards followed each other 
consecutively making up the first 96 cards. 
A different order for the second 96 cards was 
similarly obtained. A detailed account of 
the ordering procedure is presented by 
Erlebacher (1960). 

Four response-label cards were placed 
under a clear plastic sheet across the center 
of S's control box. The response cards from 
left to right were: one red triangle, two green 
stars, three yellow crosses, and four blue 
circles. At the rear center of the box was a 
white light; at the right rear of the box was a 
red light. In front of each response card 
was a button which S pressed to make his 
response. The white light was the reinforce- 
ment light and the red light indicated to S 
when the experiment was over. When a new 
picture appeared on the screen, S pressed one 
of the four buttons, taking as much time as 
he pleased. After he pressed the button, he 
waited until a new picture came into the 
window. If his response were reinforced, 
the white light came on at the moment of 
his pressing the button and it stayed on for 
approximately 2.25 sec, The next picture 
came into the screen approximately 2.60 sec, 
after the button was pressed. 

The two partial reinforcement schedules 
were 25% and 50%. The percentage refers 
to the percentage of times S was told he was 
correct (the white light went on) when he 
actually was correct, Thus, whether any 
correct response was reinforced was contingent 
on S's previous number of correct responses, 

A schedule of reinforcement was made up 
which took into account 200 trials of correct 
responses on the part of S, These 200 trials 
were divided into blocks of 20 trials such that 
the percentage indicated was maintained in 
each block. The Sequence of reinforcement- 


This difference in starting 
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Position represented the two reinforcement 
sequences mentioned earlier. The reinforce- 
ment schedule was repeated if 5 required more 
than 200 trials. All timing, reinforcement, 
etc., was controlled by automatic apparatus, 
consisting mostly of relay circuits, which 
was kept in a remote room away from S, so 
that S could not hear the apparatus in 
operation. 

Procedure—After S made either 10, 20, 
or 40 consecutively correct responses in 
Stage I the “correct” dimension for sorting 
was changed. Except for the change in 
reinforcement S was given no information 
about this change. He was now reinforced 
for every correct sorting on one of the other 
two stimulus dimensions and continued on 
this second stage until he had made 10 
consecutively correct responses. If § did 
not reach this latter criterion at the end of 
300 trials on the new dimension, the experiment 
was terminated, 

Instructions—The S was told that for 
each of the pictures appearing on the screen 
he was to press one of the four buttons in 
front of him and that only one of the four 
buttons would be correct. If he were correct, 
the white light might go on, but it would 
not necessarily do so. If he were incorrect, 
however, the white light would not go on. 
(It was necessary to give Ss_partial-rein- 
forcement instructions, i.e., tell them that 
the white light would not always go on even 
if they were correct, because a preliminary 
pilot study indicated that most Ss could not 
reach even a moderate criterion—especially 
in the 25% reinforcement group—if these 
instructions were not given.) All Ss, includ- 
ing those of the 100% group, were given 
Partial-reinforcement instructions, No men- 
tion was ever made of stimulus dimensions, 
and if S asked a question referring to such 
dimensions, he was not given a direct answer 
involving such a reference. No instructions 
about a change in the correct stimulus 
dimension were given. 


RESULTS 


_ The responses during Stage I (learn- 
ing) and Stage II (extinction) were 
analyzed separately. In Stage I, the 
responses were analyzed in three 
categories: number of correct re- 
Sponses, number of errors, and total 
number of responses. These measures 
do not include the criterional trials, 
Since these were different for various 
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groups. In Stage ll, the analyses 
were on number of perseverative 
errors, number of nonperseverative 
errors, and total number of responses. 
The criterional trials were included 
in Stage II measures. The first 
response of Stage II was considered 
a perseverative error since this would 
not differentially affect the scores of 
the various groups. 

Stage I.—The total variance for 
Stage I was analyzed and showed 
that percentage of reinforcement was 
a significant variable affecting all 
three response measures (P < .001). 
Figure 1 presents the mean values 
for all three measures for all three 
reinforcement groups. As the per- 
centage of reinforcement increases, 
all three scores decrease. It must be 
noted that the values for the 25% 
group are somewhat underestimated 
since the scores of those Ss who did 
not reach the criterion (most of whom 
were in the 25% group) are not 
included. 

The degree of learning was also 
a significant variable for total correct 
responses. The means were 20.0, 
16.2, and 34.0 for the 10, 20, and 40- 
trial groups, respectively (F = 4.83, 
df = 2/171, P < .01). 

Another significant term in the 
analysis was the Percentage Rein- 
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Fic. 1. Mean total responses, mean total 
correct responses, and mean total errors in 
Stage I as a function of the percentage of 
reinforcement. 
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Fic. 2. Mean total responses in Stage I 
as a function of the percentage of reinforce- 
ment and the correct stimulus dimension. * 


forcement X Dimension interaction for 
total responses (F=2.44, df=4/171, 
P < .05). This relationship is given 
in Fig. 2, which shows that the large 
factor contributing to this interaction 
is that sorting according to number 
was more difficult at 50% reinforce- 
ment than was sorting according to 
form, while on 25% reinforcement the 
order was reversed. Again it must 
be pointed out that the figure for 
total responses when sorting accord- 
ing to color is underestimated es- 
pecially under 25% reinforcement, 
as is also the figure for form on 25% 
reinforcement.‘ 

Stage II —Table 1 summarizes the 
analyses of variance of the three 
response measures obtained during 
Stage II.5 The term dimension in 


4Several significant interaction terms in 
the analysis involve sequence within per- 
centage reinforcement which seems to indicate 
that the sequence used is effective according 
to what conditions it is used with. No 
estimation analysis is given for these inter- 
actions or for any terms in this paper in- 
volving sequences since sequences were not 
systematically varied and thus no conclusions 
could come from such an analysis. The 
reason for having introduced various se- 
quences was only as a check for the generality 
of the results and the analyses of variance 
seem to indicate that any future studies on 
partial reinforcement, in this area, should 
involve several sequences of reinforcement. 

5 Since the experiment was terminated at 
the end of 300 responses, in order to obtain 
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TABLE 1 
ANALYSES OF VARIANCE OF Torat Responses, PERSEV ATIVE ERRORS, 
AND NONPERSEVERATIVE ERRORS IN Stace II 
F Ratios 
Source of Variation df 
Total Perseverative | Nonpersevera- 
Responses Errors tive Errors 
Percentage reinforcement (%) 2 1.90 2.90 .82 
Degree of learning (DL) 2 1.98 3.49* 04 
Dimension (D) 5 1.87 -17 4.74** 
Sequence / Percentage rein- 
forcement (S/%) 2 14 Ski 1.50 
% X DL 4 3.33* 3.44* 1.96 
% X D 10 .66 67 1.06 
DL X D 10 1.53 1.51 L 
DL X S/% 4 D 23 i 
Dx S/%" 10 1110 74 101 
% X DL X D 20 94 84 -66 
DL xX D x S/% 20 1,20 1.02 -67 
Error (MS) 126 (6986) (5388) (720) 
Total 215 
*P =.05, 
P= 01, 


Table 1 refers to a particular dimen- 
sion sequence such as color-form, i.e., 
S had to sort according to color in 
Stage I and according to form in 
Stage II. 

The analyses show that the degree 
of Stage I learning is a significant 
variable in determining the number 
of perseverative errors, The mean 
total perseverative errors were 49.9, 
35.99, and 68.19 for the 10, 20, and 
40-trial criterion groups, respectively. 

The Percentage Reinforcement X 
Degree of Learning interaction is also 
a significant term in the analysis of 
variance for both total responses and 


unbiased results for those Ss who had not 
reached criterion, the Scores were changed to 


taking the square root of that result, and then 
finding the arc sin of that square root. This 


formed scores are used, the results given below 
will be only for untransformed scores, 


total perseverative errors. This rela- 
tionship is shown for perseverative 
errors in Fig. 3. It should be noted 
that the groups do not rank 100%, 
50%, 25% going from fewest to most 
perseverative errors for all degrees of 
original learning. Such an ordering 
would have been expected if the 
normally found partial-reinforcement 
effect were so strong that it over- 
shadowed any effect due to other 
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_ Fic. 3. Mean total perseverative errors 
in Stage II as a function of the percentage of 


reinforcement and the degree of learning in 
Stage I. 
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TABLE 2 


NUMBER or Ss MAKING 300 RESPONSES 
Stace II 


% Reinforcement 


Degree of 
Learning ——— r r |m 
(Trials) 25 50 100 
10 2 0 4 6 
20 0 2 1 3 
40 2 2 2 6 
Total 4 4 7 15 


variables. Also to be noted is the 
fact that the difference between the 
25%, 50%, and 100% reinforcement 
groups does not increase as the 
number of criterional trials increases. 

Fifteen Ss made 300 responses, 
at which time the experiment was 
terminated. Table 2 shows in which 
condition these Ss served. 

The mean total perseverative errors 
were 66.3, 36.9, and 50.9 for the 25%, 
50%, and 100% reinforcement groups. 
These differences were not significant. 

The interaction for total responses 
is similar to that for perseverative 
errors. Since there is little difference 
in the shape of the curves for total 
responses and those shown in Fig. 3, 
separate figures are not presented 
here. 

In addition to these variables, it is 
shown in the analyses of variance 


TABLE 3 


Mean TOTAL NONPERSEVERATIVE Errors AS 
A FUNCTION OF THE CORRECT STIMULUS 
DIMENSIONS IN BOTH STAGES 


Correct Dimensions Mean Total 


— ee | Nonperseverative 


Stage I Stage II pga 
Form Number 5.56 
Form Color 8.83 
Number Form 3.06 
Number Color 29.72 
Color Form 5.78 
Color Number 10.61 


table that there is a significant effect 
due to the dimension sequence but 
only as far as nonperseverative errors 
are concerned. This relationship is 
shown in Table 3. 


DISCUSSION 


Stage I.—As was seen, performance in 
Stage I was affected by the percentage of 
reinforcement. This result was not 
unexpected. As the percentage of rein- 
forcement increased, both the number 
of errors and number of correct responses 
decreased. Though it may seem reason- 
able that errors should decrease and 
therefore paradoxical that correct re- 
sponses decrease also, the apparent 
inconsistency is due to requiring S to 
achieve a criterion. 

It is also to be expected that the more 
stringent the criterion, the longer it 
takes to reach it. This relationship held 
for the highest criterion (40 consecu- 
tively correct responses). No difference, 
however, was seen between the two other 
criteria (10 or 20 consecutively correct 
responses). The three criterion groups 
need not have differed in number of 
errors. Because the criterion was one 
of 10, 20, or 40 consecutively correct 
responses, one or two errors between 
the attainment of a lower criterion and 
the attainment of the final criterion could 
greatly increase the number of correct 
responses made, but have little effect 
on the error score. Such slight differ- 
ences in number of errors could not show 
up reliably in this experiment because 
of the relatively large variability among 


S. 

Stage II —It was seen that the degree 
of learning in Stage I resulted in a dif- 
ferential number of perseverative errors 
in Stage II. Unlike previously cited 
studies, the groups with many over- 
learning trials (40 consecutively correct 


6 Although the number of correct responses 
required to reach criterion by the 20-trial 
criterion group was slightly less than by 
the 10-trial group, this difference can only 
be attributed to chance since it is logically 
impossible for a 10-trial criterion to be more 
difficult than a 20-trial criterion. 
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responses) made more perseverative er- 
rors than did the groups with fewer 
criterional trials. The 20-trial criterion 
group made fewer perseverative errors 
than the 10-trial criterion group. Little 
can be said about these results since 
there was a significant Degree of Learning 
X Percentage Reinforcement interaction 
and it is there that we must look for 
any answers. The same can be said 
for percentage reinforcement, Although 
25% reinforcement resulted in a greater 
number of perseverative errors, the 
interaction is the important determinant 
of the results, 

Under 100% reinforcement, the re- 
sults were clearly the same as those of 
other studies cited in the introduction: 
in general, the fewer the criterional 
trials, the greater the number of per- 
severative errors. In the study by Grant 
and Cost (1954) it was also shown that 
there was little difference between the 
20-trial criterion group and the 40-trial 
group. This same result was shown 
here. 

However, under 50% reinforcement 
the opposite results were obtained. Al- 
though the effect is slight, the greatest 
number of perseverative errors was made 
by the groups required to reach a 40-trial 
criterion, the second most frequent 
number of perseverative errors was made 
by the 20-trial group, and the least 
number of _perseverative errors was 
made by the group required to reach a 
10-trial criterion, This result could 
be explained in terms of the hypothesis 
stated in the introduction. That is, 
if the reinforcement pattern in Stage | 
is similar to that in Stage II, the change 
would be difficult to detect and more 
perseverative errors would be made. 
Furthermore, under partial reinforce- 
ment, a greater number of trials in Stage 
I would increase the length of runs of 
nonreinforced trials which would be 
learned by S not to be infirmatory in 
nature. Thus the pattern of reinforce- 
ment for the same Tesponse in the second 
stage (0%) would be more similar to the 
first stage pattern for those groups with 
greater numbers of criterional trials, 
This, then, results in slower extinction, 
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or a greater number of perseverative 
errors. 

Somewhat similar results as in the 
50% groups were obtained for 25% rein- 
forcement. After 40 criterional trials 
there was clearly a larger number of 
perseverative errors than after the other 
criteria. This fits into our analysis. 
However, the 10-trial criterion group 
made more perseverative errors than the 
20-trial criterion group. No explanation 
could be found for this latter result, 

Although predictions were made for 
the effect of various criteria within the 
three percentage reinforcement groups, 
nothing was said of the relative position 
of all nine groups with respect to each 
other. If it were Supposed that the 
effect of the percentage of reinforcement 
on extinction, as it is normally found, 
were so strong that it applied under all 
conditions of degree of learning, it might 
have been predicted that the groups— 
no matter what the degree of learning 
was—would rank 100%, 50%, 25% 
going from fewest to most perseverative 
errors. This was clearly not the case. 
In addition to this possible prediction, 
it might have been expected that the 
difference between the various percent- 
ages of reinforcement would increase, 
the greater the number of criterional 
trials. This again was not found. 

Two methodological factors in the 
Present experiment may account for the 
unexpected results. One of these factors 
Was that all Ss received the same instruc- 
tions. Thus, even the 100% groups 
received partial reinforcement instruc- 
tions. These instructions were given so 
that the only differences found in the 
experiment would be due to the experi- 
mental conditions alone and not due 
to differences in instructions, For 100% 
reinforcement, though, these instructions 
may have caused Ss to make more 
perseverative errors than they would 
normally tend to make. Unfortunately 
the values in this experiment cannot be 
directly compared to those found by 
Grant and Cost (1954) since they used 
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the impossibility of determining in ad- 
vance when the last criterional response 
would be made by any S in the partial 
reinforcement groups. Therefore it was 
impossible to reinforce the last criterional 
trial. Since this was the case, there was 
no definite demarcation between Stage I 
and Stage II in the partial reinforcement 
groups. For these groups, especially 
for the 25% groups, extinction therefore 
actually started before the last criterional 
trial was reached. Thus the curves for 
the 50% groups and especially for the 
25% groups are depressed, and more 
perseverative errors were made than is 
shown by the results. 

It was shown that Ss who sorted 
according to color in Stage II made more 
nonperseverative errors than Ss who 
sorted according to form in Stage II, 
when both groups sorted according to 
number in Stage I. This result is in 
agreement with the results of Grant and 
Curran (1952) which show that at 
Stage II more nonperseverative errors 
are made when sorting under color than 
when sorting under form. 


SUMMARY 


An experiment relating perseveration to 
percentage of reinforcement and degree of 
learning was performed using a modified 
form of the Wisconsin Card Sorting Test 
(WCST). The results showed that there 
was a significant interaction between these 
two variables when perseverative errors 
were considered. Under 100% reinforcement, 
the greater the degree of learning the less 
the perseveration (within limits). Under 
partial reinforcement, somewhat of an 
opposite result was found indicating that the 
greater the degree of learning, the greater 
the number of perseverative errors. These 
results were discussed in terms of the simi- 
larity of the pattern of reinforcement during 
the acquisition stage and the nonreinforce- 
ment of the same response during the extinc- 
tion stage. Supposedly, similarity leads to 
generalization and thus, slower extinction 
(greater perseveration). 


The learning data showed that the more 
stringent the criterion, the more difficult 
the solution of the problem was, though 
this held true only for the most stringent 
criterion. Percentage reinforcement also 
affected the learning time in that the greater 
the percentage of reinforcement the simpler 
was the task. 
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A series of experiments (Lloyd, 
Reid, & Feallock, 1960) has been 
Previously reported in which short- 
term retention was studied in a task 
that required Ss to recall sequentially 
Presented English words. The task 
differed from the one used to study 
classic memory span in that the 
presentation of items and their recall 
were not discretely separated. In- 
stead, both occurred in a variety of 
serial orders over an extended period 
of time. Each item to be remembered 
was followed at some point in the 
Sequence by a cue which specified 
that S must recall the item. The 
recall point may have followed im- 
mediately the Presentation of the 
item, or may have been separated 
from it by several other items, by 
other recall points, or by both. 
Throughout the task S was presented 
with new words he had to remember 
and from time to time was required 
to recall words Previously presented, 
Recall errors in the task were found 
to be related in a systematic manner 
to the average number of items 5 was 
required to remember. Furthermore, 
if the items are familiar, S appears 
to be equally capable of storing items 
from different sized Populations so 
long as the average number of items 


1 The reported studies were supported by 
Contract No, DA-49-007-M D-537 between 
the University of Virginia and the Office of 
The Surgeon General, Department of the 
Army for which Richard H. Henneman is 
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2 Now at Washington State University, 
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to be remembered, i.e., the average 
storage load, remains constant. 


In these earlier studies S recalled only one 
item at each recall point. In the studies to be 
reported the generality of average storage 
load is assessed for sequences in which |S is 
required to recall more than one stored item 
at a recall point. As in the original experi- 
ments the words to be remembered are 
instances of a word class and the class names 
serve as recall points. The following series 
of words is an example of such a sequence: 
Berlin, Willow, Moscow, Dartmouth, Elm, 
city, Golf, Ford, Soccer, TREE, COLLEGE, 
+ +++ When the word ciry occurs S should 
respond with “Berlin” and “Moscow.” 
Similarly, at TREE the correct recalls are 
“willow” and “elm.” At COLLEGE only one 
item, “Dartmouth,” is appropriate, 

The above sequence can be used to make 
clear the concept of average storage load 
and a new summarizing measure average 
load reduction, At the recall point city, S 
has been Presented five items, and, thus, 
has a storage load of 5. Upon the recall of 
“Berlin” and “Moscow” this is reduced by 
2, but before TREE occurs S is presented 
three further items increasing the load to 6. 
Again at TREE the load reduction is 2, so 
to this point average storage load is 5.5 and 
average load reduction 2.0. In the present 
experiments these averages were computed 
over much longer Tuns, but were obtained 
in like manner by simply averaging the load 
and reduction values at each of the recall 
Points in a sequence. 


Two experiments are reported. The 
first determines the effect of various 
values of average storage load upon 
the recall of Sequentially presented 
items when average load reduction 
is held constant, but at a value greater 
than 1. In Exp. Il average load 
reduction js varied while average 
Storage load is held constant, 


SHORT-TERM 


EXPERIMENT | 


Method.—The design of ‘the experiment 
parallels that of Exp. Tin Lloyd et al. (1960). 
The Ss stored and recalled words presented 
to them aurally by a magnetic tape recorder. 
In an experimental session they listened to 
two sequences. Each sequence was com- 
posed of 12 subsequences constructed to have 
any one of four values of average storage 
load: 2.5, 3.5, 4.5, and 5.5. Within a se- 
quence each value of average storage load 
appeared three times in a partially counter- 
balanced order. 

Average load reduction in all sequences 
was 2. This was accomplished by using 
individual reductions of either one, two, or 
three stored items at each recall point. A 
reduction of 2 was the most frequent value. 

Throughout a sequence the values of the 
storage loads and load reductions at indi- 
vidual recall points occurred in a variety of 
combinations with the exception of the 2.5 
subsequences. When average load and 
average reduction are nearly equal as is the 
case in the 2.5 subsequences, the individual 
loads and reductions must also be nearly 
equal. For this reason, in the 2.5 subse- 
quences the load and reduction were equal at 
one-half the recall points. At these points S 
had to recall all the items being stored. 
Since it is impossible to avoid a reduction of 
load to 0 in the 2.5 subsequences if an 
average load reduction of 2 is to be main- 
tained, reductions to 0 were introduced 
into the subsequences of higher storage loads 
even though they are unnecessary. 

All subsequences contained 20 items which 
S had to remember and for which he was 
scored, With an average load reduction of 2, 
this means there were 10 recall points for 
these items. It was necessary, however, to 
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insert extra items in order to maintain the 
desired loads at recall points near the ends 
of the subsequences. These extra items were 
called for immediately after the tenth recall 
point in the subsequence and were not 
scored. 

The items were instances of classes of 
English words, and the class names were 
used as recall points. The eight class names, 
were AUTOMOBILE, TREE, CITY, METAL, SPORT, 
CLOTHING, COLLEGE, and BIRD. Each class 
contained 8 items judged to be familiar to 
Ss. However, since the words were probably 
not equally familiar, the Ss were given pre- 
liminary familiarization with the recall 
material at the beginning of the first experi- 
mental session. They were presented with 
a list of the 64 items grouped into the eight 
classes and were allowed 5 min. to become 
familiar with the items. In addition, they 
were permitted to keep the list for reference 
during the first experimental session and 
prior to each subsequent session were required 
to study the list for 3 min. 

Four sequences were recorded on the 
magnetic tape. The sequences differed in the 
serial order of the 12 subsequences, and in 
the particular words that were substituted 
at the different loads. A presentation rate 
of one item or recall point every 3 sec. was 
used. 

The 12 Ss, University of Virginia under- 
graduates, were instructed to remember each 
item as they heard it on the tape and to recall 
the items when the appropriate class name 
was heard, It was pointed out that one, two, 
or three words might be required at any 
recall point, and that any substitution, 
omission, or addition would be scored as an 
error. They were encouraged to guess if 
uncertain about a recall. Each S responded 
to two sequences a day for 4 days. 


TABLE 1 


MEAN ERRORS AS A FUNI 


CTION OF AVERAGE STORAGE LOAD DURING THE 


4 Days OF PRACTICE 


‘Average Storage Load 


Day 2.5 3.5 4.5 5.5 
Mean SD Mean SD Mean SD Mean SD 
1 1.94 0.95 4.05 1.40 6.76 1.25 8.33 1.59 
2 0.57 0.41 1.65 1.21 5:22 1.98 6.47 1.57 
3 0.44 0.41 0.83 0.74 3.97 1.31 5.04 1.34 
4 0.10 0.05 0.47 0.44 3.01 1.16 4.93 1.29 
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Results—All Ss on each of the 4 
days responded to six subsequences 
at each value of average storage load. 
The means of errors over these re- 
peated measures are presented in 
Table 1. As in the previous studies 
(Lloyd et al., 1960) recall errors in- 
crease systematically with increases 
in average storage load. For the 
analysis of variance over the 4 days 
of practice a square-root transforma- 
tion of the data was made since the 
errors for low storage loads are skewed. 
From this analysis storage load, 
practice, and the Load X Practice 
interaction are found to be significant 
beyond the 1% level. 

Since the recall scores on Day 4 
are considered the best estimate of 
stable performance a second analysis 
was performed. Table 2 summarizes 
the trend analysis of transformed 
mean error scores for each S on this 
day. The overall trend is highly 
significant. Although the first three 
components are significant, 95% of 
the overall-trend sum of squares can 
be attributed to the linear component. 
The significant quadratic and cubic 
components probably arise from the 
relatively small error differences at 


TABLE 2 


TREND ANALYSIS oF TRANSFORMED SCORES 
Or AVERAGE STORAGE LOAD 


Source df | MS R 
Overall trend 3 | 6.42 | 214.00* 
inear | 1 |18.29 | 457.25* 
uadeatic 1] 0.22} 11.00% 
ubic 1| 0.75} 25.00* 
Between individual os 
means 11 | 0.16 Bi ha 
Between individual 7s 
trends 33 | 0.03 
Linear 11 | 0.04 
Quadratic 11 | 0.02 
Cubic 11 | 0.03 
Total 47 


*P <01. 
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the lower storage loads compared 
to the much larger error difference 
beyond the 3.5 load. 


EXPERIMENT I 


Method.—Values of average load reduction 
are obviously dependent upon values of 
average storage load; there can never be 
greater reduction than there is load. It was 
for this reason in Exp. I where storage load 
was varied that load reduction was held 
constant. Storage load was in Exp. II held 
constant at 4.5, while average load reduction 
was varied through six values: 1.0, 1.5, 2.0, 
2.5, 3.0, and 3.5. 

Two subsequences were constructed for 
each value of load reduction. The 12 sub- 
sequences were similar to those of Exp. I; 
their length, however, was increased to 35 
items in order to provide adequate sampling 
of high-reduction values. Furthermore, the 
number of recall points varied from sub- 
sequence to subsequence. This was neces- 
sarily the case since the number of recall 
points in a subsequence decreases as average 
load reduction is increased. There were 35 
recall points in the 1.0 subsequences, 23 at 
1.5, 18 at 2.0, 14 at 2.5, 12 at 3.0, and 10 at 
3.5. 


Four sequences were prepared using the 
items and class names of Exp. I. The se- 
quences differed in the serial order of the 
six subsequences and in the words assigned 
to the subsequences. Presentation rate for 
the items was one every 3 sec., and the 
duration of each recall point was 4 sec. 

Instructions to Ss were similar to those of 
Exp. I. Ten University of Virginia under- 
graduates responded to two sequences a day 
during 4 days of practice. 


Results—On each of the 4 days 
all Ss responded to two subsequences 
at each value of average load reduc- 
tion. The mean errors on these re- 
peated measures were averaged for 
each S at each value of average 
reduction and are shown in T able 3. 
It is apparent that when average 
Storage load is held constant recall 
errors systematically decline as aver- 
age load reduction is increased. An 
analysis of variance over the 4 
days of practice reveals load reduction 
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TABLE 3 


MEAN ERRORS FOR AVERAGE LOAD REDUCTION DURING THE 4 Days OF PRACTICE 


Average Load Reduction 


Day 1.0 1.5 2.0 2.5 3.0 3.5 
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
1 21.70 | 2.13 | 14.65 | 2.65 12.75 | 3.56 | 9.30 | 3.17 | 7.75 3.61 | 5.65 | 3.13 
2 17.55 | 3.46 | 13.50 | 3.39 | 8.90 | 2.95 7.15 | 3.01 | 5.35 | 3.32 | 4.00 | 3.42 
3 15.85 | 2.73 | 10.30 | 3.83 6.40 | 2.46 | 4.95 | 2.52 | 3.95 2.67 | 2.30 | 2.00 
4 14.75 | 3.54 | 9.90 | 3.56 | 5.90 3.44 | 4.85 | 2.71 | 3.65 | 2.99 | 2.30 2.13 
and practice to be significant beyond DISCUSSION 


the 1% level; the Reduction X Prac- 
tice interaction was not significant. 

Table 4 contains a trend analysis 
of the data on Day 4. Since the errors 
for the higher values of load reduction 
are skewed a square-root transforma- 
tion of the data was made. The 
overall trend, and both the linear 
and quadratic components are sig- 
nificant beyond the 1% level. Again, 
as in Exp. I, most of the variance in 
the overall trend is accounted for 
by the linear con pcnent. 


TABLE 4 


TREND ANALYSIS OF TRANSFORMED SCORES 
or AVERAGE Loan REDUCTION 


Source df | MS F 

Overall trend 5 | 8.20 | 82.00* 
Linear 1 [39.21 | 261.40* 
Quadratic 1| 1.43} 20.43* 
Cubic 1| 0.17] 2.83 
Quartic LEOS eE 
Quintic o == 
Between individual 

means 9 | 2.50 | 25.00* 
Between individual 

trends 45 | 0.10 

Linear 9 | 0.15 
Quadratic 9 | 0.07 

Cubic 9 | 0.06 
Quartic 9 | 0.10 
Quintic 9 | 0.14 
Total 59 


*P< O01. 


In these studies S stored and recalled 
words in a single sequence for a period 
of 15 to 20 min, During this time the 
words and their recall points occur ina 
variety of combinations which introduce 
many variable conditions that can affect 
performance. For example, the many 
different patterns of presentation and 
recall produce variations which have, 
by analogy to long term retention 
paradigms, proactive and retroactive 
effects. In this regard, however, there 
are two important differences between 
the way these conditions vary in the 
present studies and the manner they 
typically vary in a long term retention 
study. First, in the long term retention 
studies a relatively few values of one or a 
small number of variables are manipu- 
lated in a systematic fashion while the 
attempt is made to hold all other condi- 
tions constant. In the two studies under 
consideration, on the other hand, many 
values of a number of variables are 
permitted to vary in a nonsystematic 
fashion. Second, in long term retention 
studies conditions usually can be varied 
in an independent manner; within the 
sequences used in the present studies, 
however, prior and interpolated items 
and recall points cannot be manipulated 
independently of one another. A given 
pattern of items and recall points re- 
stricts to a considerable degree the 
previous and later occurrence of other 
items and recall points. 

Both these factors make highly desir- 


522 


able variables which summarize the 
variety of conditions and dependencies 
within the task. The earlier experi- 
ments of Lloyd et al. (1960) established 
the fact that, in tasks requiring the recall 
of only one item at each recall point, 
the average number of items Ss are 
required to remember is related in a 
reliable manner to their recall errors. 
Experiment I extends the generality of 
these findings to situations in which the 
recall of more than one item at a recall 
point may be required. Furthermore, 
the highly significant and consistent 
differences found between the different 
values of average storage load point up 
the sensitivity of performance to this 
variable. As was pointed out above, 
Ss are storing and recalling words in a 
sequence for a period of 15 to 20 min. 
During this period load changes occurred 
approximately every 1.5 min., and recall 
paralleled these changes throughout the 
sequence. 

Experiment II: demonstrates that a 
second important summarizing variable 
is significantly related to performance 
in such tasks. At first it may seem 
surprising that improved retention is 
related to increases in average load 
reduction, but a consideration of the 
variables contributing to its effect makes 
such an outcome reasonable. Two 
important changes took place in Exp. II 
with increases in load reduction. The 
first, a decrease in number of recall 
points, is simply a correlated condition 
of the sequential task. This decrease 
in recall points does, however, reduce 
the average amount of interpolated 
activity between the presentation of 
items and their recall, and may account, 
in part, for the improved performance. 
The second, the fact that increased load 
reduction means more items from a single 
class are being stored, provided the 
opportunity for the grouping of related 
items. In this latter respect average 
load reduction is obviously related to 
the phenomenon of clustering (Bousfield, 
1953) and to Miller's (1956) concept of 
the chunk, 

Although the reduction in recall points 
and the opportunity for grouping are in 
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a sense confounded in the present study, 
they can be varied independently. If, 
for example, arbitrary labels are used 
to designate the categories into which 
words are grouped for recall, the extent 
to which the words grouped together are 
related can be varied over a wide range 
of values. The pattern of their presenta- 
tion and recall, on the other hand, can 
be held constant by merely substituting 


the different words into the same se- | 


quences. An investigation of the influ- 
ence of relationship among grouped 
items upon performance is under way. 
Such an investigation points up one of 
the major advantages of the present 
method, i.e, a number of complex 
conditions can be held constant while 
one or more experimental variables are 
systematically manipulated. 


SUMMARY 


Two experiments are reported in which 
short-term retention was studied in a situa- 

tion requiring S to remember familiar English ‘ 
words until their recall was requested. 
During the time S was required to remember < 
these items he was presented other words or 
asked to recall previously presented items, 
Experiment I demonstrated that in a task 
where the recall of more than one item could 

be requested at a given point in the sequence, 
errors increased systematically as the average 
number of words to be remembered over 
blocks of recall points, average storage load, 7 
was increased. In Exp. II it was found that 
when the average number of items to be 
remembered was held constant, errors de- 
creased as the average number of items to be 
recalled at given recall points, termed average l 
load reduction, was increased. 
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EFFECTS OF INDUCED MUSCLE TENSION DURING 


TRACKING ON LEVEL OF ACTIVATION AND 
ON PERFORMANCE* 
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Allan Memorial Institute, McGill University 


Since Courts’ (1942) review, several 
experiments have been reported on 
the effects of induced muscle tension 
on performance, but to the author’s 
knowledge none have been concerned 
with the basis of the relationship. 
In a theoretical paper Meyer (1953) 
suggested that the effects of induced 
muscle tension on performance are 
the result of simultaneous responses 
occurring at the level of the motor 
cortex. Though a useful concept, 
Meyer fails to consider the involve- 
ment of the reticular activating sys- 
tem and level of arousal in muscle 
tension phenomena (Delafresnaye, 
Adrian, Bremer, & Jasper, 1954). 
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In contrast to Meyer (1953), Mal- 
mo (1959, p. 370) suggests that in- 
duced tension may be one of the ways 
in which activation level can be 
varied, and that activation level, 
in turn, is a function of the reticular 
activating system. If induced tension 
is indeed a reliable means of varying 
activation level, then in addition to 
behavioral effects, induced tension 
should also produce regular and 
consistent changes in the various 
physiological indicants of activation. 
Experiments by Freeman and Simp- 
son (1938) encourage this idea. They 
have shown that palmar conductance 
increases as a function of muscle 
tension induced in the legs, and Free- 
man (1938) has shown that palmar 
resistance changes linearly with in- 
duced muscle tension during per- 
formance. However, these experi- 
ments were unfortunately limited to 
the one physiological measure of 
palmar conductance, while Malmo 
(1959) and Schnore (1959) have 
shown the need for a wide coverage 
of physiological functions in studies 
of activation. The purpose of this 
experiment was the exploration of 
the relation between induced muscle 


tension, activation, and level of 
performance. 

METHOD 
Subjects 


The Ss were 38 McGill University under- 
graduate and graduate males, ranging in age 
from 18 to 30 yr. All were paid $5.00 for the 
3-hr. session. Only right-handed Ss with 


normal hearing were used. 
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Apparatus? 


Muscle tension induction system.—A modi- 
fied hand dynamometer was used for inducing 
tension. When the spring steel of the dyna- 
mometer was compressed, two strain gauges 
mounted on each side of the spring were de- 
formed. This resulted in a change of the 
electrical resistance of the wire in the strain 
gauge proportional to the strain or the grip 
on the dynamometer. Each strain gauge was 
an arm of a balanced Wheatstone bridge. 
Changes in the resistance of either or both 
of the strain gauges upset the electrical 
balance of the bridge. The change in signal 
due to this imbalance was fed into a push-pull, 
strain gauge amplifier, 

Part of the amplified signal was used to 
continuously monitor and permanently record 
S’s instantaneous performance, and part was 
fed back to S to enable him to maintain his 
level of pull within prescribed limits, These 
limits were set by an ac microammeter relay 
equipped with two movable contacts. Both 
contacts could be positioned anywhere on 
the meter face and their relative positions 
could also be varied. By calibrating the 
meter deflection in kilograms, and using 
each of the meter-relay contacts as a switch 
to an audio oscillator, “low” and “high” 
tension limits could be determined. When S 
did not squeeze the dynamometer sufficiently 
hard, he heard a 600-cycle tone via one con- 
tact, while if he squeezed too hard he heard 
an 800-cycle tone via the other contact. 
The desired pressure was obtained when S 
gripped the dynamometer such that he heard 
no tone at all. 

Auditory tracking system—This system 
was similar to that described by Davis, 
Stennett, and Quilter (1957), except that 
tracking was done with the right foot instead 
of with the hand. In addition the function 
generator used in this system consisted of a 
potentiometer bridge circuit whose imbalance 
signified error in direction and intensity. 
The S, who was blindfolded for purposes of 
EEG recording, sat in a semireclining chair 
and performed a simple tracking task in the 


* Much of the apparatus used in this 
experiment was designed and built in this 
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following manner. He first depressed the foot 
pedal until it came against a mechanical stop 
after a movement of 8° of arc. He next 
allowed the pedal to return to its normal posi- 
tion at the same rate at which the pedal was 
depressed. There was a stop at the upper, 
as well as at the lower terminal position of 
the pedal, and in order to entirely avoid 
error it was necessary for the foot to move off 
each stop immediately. In tracking, a con- 
stant rate of movement was required. If 
the rate of pedal movement down and up was 
in exact conformance with that of the function 
generator, S was “on target” and he heard no 
sound in his earphones. Failure to keep pace 
with the function generator was signaled 
to S by means of a 1000-cycle tone in his 
earphones, The loudness of this tone varied 
as a function of S's “distance off target,” 
and direction of error was cued by whether 
the tone appeared in the right or the left 
earphone. “Down” errors (i.e., pressing 
down on the pedal at too fast a rate or lagging 
behind on the way up) were indicated by the 
tone appearing in the earphone on the right; 
conversely, “up” errors were indicated by the 
tone appearing in the earphone on the left. 

The number of up and down errors made 
per trial and the total distance S was off 
target (DOT) were the measures of per- 
formance. Number of errors were recorded 
on two electrical impulse counters, and DOT 
was recorded graphically by means of an 
electronic integrator with a 4-sec, discharge 
rate (Davis, 1959). This latter system was 
calibrated such that a certain distance off 
target in degrees produced a given deflection 
on the ink writer, which was then measured 
with special scales, 

Physiological recording apparatus,—Three 
chart drives with ink-writing galvanometers 
were used for recording physiological tracings 
and error data. The Primary record for 
electromyograms (EMG) from active and 
Passive muscles, two EEG measures, and the 
heart rate (EKG), were recorded on a stand- 
ard Grass IVA electroencephalograph (paper 
speed 25 mm/sec). Signals taken from the 
Output of the driver Stages of the Grass were 
led into electronic integrators which sum- 
mated the muscle potentials over successive 

sec. periods, and were recorded as deflec- 
tions on a second chart drive. The EEG 
Passing these signals 
through band-pass filters (Ross & Davis, 
1958) with cutoffs to provide bands of 8-12 
cycles/sec. Outputs 


a —————. 


INDUCED TENSION DURING TRACKING 525 


Chart Drive 3 (paper speed: 2.5 mm/sec) 
was used to record respiration (obtained with 
a Phipps & Bird pneumograph and recording 
tambour), palmar conductance, DOT, and 
the output of the strain gauge amplifier. 

Recording electrodes.—All electrodes except 
those used for palmar conductance were made 
of cellulose sponge of 1 cubic in. Heart rate 
was recorded from electrodes placed on the 
chest wall immediately below the heart, and 
on the right shoulder. Electrodes for EMG 
recording were placed on the extensor muscles 
of the right and left forearms and the calves 
of the right and left legs (Davis, 1959). Two 
bipolar EEG leads were taken from the 
nondominant hemisphere from frontal and 
occipital positions equivalent to placements 
C2-F2 and P2-02 of the 10/20 system used 
at the Montreal Neurological Institute 
sper, 1941), frontal leads being connected 
with the EEG lead to the 18-27 cps filters, 
and occipital leads connected with the 8-12 
cps filters. 

Palmar conductance (PC) was recorded 
from the left palm by means of a monopolar 
method described by Malmo and Davis 
(1961). 

Other apparatus—The S’s chair and track- 
ing apparatus were located in a separate room 
from that of the amplifying and recording 
devices. It wasa relatively soundproof room, 
entirely shielded with copper screening to 
reduce electrical interference, and was sup- 
plied with an air conditioning plant for the 
maintenance of constant temperature. Sepa- 
rating S’s room from E's control room was a 
double wall with a screened observation 
window. A two-way intercommunication 
system was employed for instructing Ss and 
answering questions. 


Procedure 


All instructions pertaining directly to 
the experiment were read to each S. When 
S first arrived he was informed that the 
experiment was designed to study the effects 
of induced muscular tension on his ability 
to perform a simple psychomotor task, and 
that the effects of this tension would be 
determined by simultaneously measuring 
certain physiological variables and the muscle 
tension directly. An assistant then prepared 
S by placing the electrodes as discussed above. 

The S was then instructed by E in the 
method of inducing tension and in the method 
of maintaining a given level of tension. 
Subjective levels of tension were then deter- 
mined by having S squeeze the dynamometer 
very lightly for 30 sec. After a rest period, 


this procedure was repeated twice more. The 
average reading of his pull in kilograms at 
the end of the three, 30-sec. periods was 
designated S's Very Light (VL) tension. 
After another rest period, S was asked to 
squeeze the dynamometer as tightly as he 
could and to hold this for 30 sec. The 
reading at the end of the 30 sec. was desig- 
nated his Maximum (Max.) pull. Following 
another rest period, S was required to sub- 
jectively bisect the apparent pull on the 
dynamometer of the previous two instances 
(Very Light and Maximum), and to hold this 
for 30 sec. This also was repeated twice 
more, and the average of the three dyna- 
mometer pulls in kilograms at the end of the 
30-sec. periods was designated as S's Very 
Heavy (VH) tension. Similarly, a Medium 
(M) tension was determined by bisecting 
the apparent pull between the Very Light 
and the Very Heavy, as determined by the 
average of three readings. Light (L) and 
Heavy (H) tension conditions of pull were 
then arbitrarily chosen as the physical mid- 
points, in kilograms, between the Very Light 
and Medium, and the Medium and Very 
Heavy, respectively. 

A headset with independent earphones for 
tracking was placed on S's head and adjusted 
for comfort. The S was then instructed by 
Ein the tracking procedure as described above. 
Each trial consisted of two complete cycles 
of the tracking pedal being depressed and 
released. This required 96 sec.; 96 sec, rest 
was also given between each trial. One 
practice trial was followed by the learning 
trials to criterion. The criterion was the 
tracking of 3 successive trials without im- 
provement, but never less than 6 nor more 
than 10. 

A 10-min. rest period and a glass of water 
were given between learning and tension 
trials. No smoking was allowed. During 
the rest period all equipment was again 
checked to conform with calibration standards. 

‘The five tension conditions of (VL, L, M, 
H, and VH) were given once only to each S 
in an order determined by a table of random 
numbers. ‘The only difference between the 
tension trials and the learning trials was that 
during the entire trial S was required to 
maintain the particular tension on the 
dynamometer in addition to tracking. After 
two practice trials, Ss had no difficulty in 
simultaneously tracking and maintaining a 
steady level of dynamometer pull. 

Two control conditions of No Tension and 
Exertion (EX) were also randomly presented 
with the tension conditions. The No Tension 
control did not differ from the learning trials, 


526 


Its purpose was to gauge the effects of per- 
formance with no tension, The Exertion 
condition was introduced in an attempt to 
determine the effect of induced tension alone 
(without tracking) on the various physio- 
logical measures, This condition required 
each of 8 Ss to squeeze the dynamometer 
at a pressure equivalent to his Very Heavy 
pull, and each of 25 Ss to Squeeze the dyna- 
mometer at a pressure equivalent to his Maxi- 
mum pull. Five Ss did not have an Exertion 
condition at all. Besides squeezing the 
dynamometer, in the Exertion condition each 
S was required to push the foot pedal down 
and keep it there for the length of the trial, 
He also heard a tone in both ears equal in 
intensity to what he would have heard had 
he been off target two degrees. Physical 
exertion was thus at a high level, The 
primary difference between this and other 
trials was that there was no actual tracking 
performance. 

To increase the rate of learning during the 
early part of the experiment, Ss were told 
their score in terms of time off target at the 
end of each trial. This was not continued 
during the tension trials, however, in order 
to prevent associations of a Particular score 
with a given level of tension and consequent 
excitement or activation if the score were 
relatively poor, 

The mean tolerance allowed for the main- 
tenance of tension was about 1,5 kg. In the 
pilot experiments and the main study, it was 
found that after a little practice this tolerance 
Was more than sufficient to enable Ss to 
Maintain tension at quite steady levels over 
an entire trial, 


Treatment of Data 


EEG.—Outputs from the band-pass filters 
Were integrated with 4-sec, discharge rates 
and recorded as deflections (Malmo & 
Surwillo, 1960, p. 7). During the 96-sec. 


was then defined as the mean volta 
24 integrated deflections, KE 

EKG—EKG was obtained by counting 
the beats in each Successive 12-sec. period 
and multiplying by 5 to get the mean 
number of beats per minute for that 12-sec, 
period. The eight values thus calculated 
were averaged for the mean number of heart 
beats per minute for the trial, 

EMG.—EMG being less Variable than 
EKG it was satisfactory to sample only eight 
peaks during a trial, The measured peaks 
for the right leg coincided with the deflection 
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occurring approximately midway up and 
down the rises and falls in muscle tension 
due to tracking (Deflections 3, 4, 9, 10, 15, 
16, 21, and 22 were measured). Deflections 
were measured with special scales calibrated 
in microvolts, and the level of muscle activity 
for a trial was then defined as the mean 
voltage of the eight measured deflections. 

Respiration and palmar conductance.— 
Respiration rate was found by counting the 
number of complete inspiration-expiration 
cycles from one 12-sec. line to the next, 
correct to the nearest } cycle. The mean 
rate for the trial was obtained by multiplying 
this value by 5 to get the number of cycles 
per minute for that period, and then obtaining 
the mean of the eight values, Palmar 
resistance was measured at 12-sec. intervals 
on the tracing with a special scale calibrated 
inohms. This resistance value was converted 
toits reciprocal, conductance, and the average 
conductance value in micromhos for the trial 
was obtained by calculating the mean of the 
eight conductance measures, 

DOT and strain gauge—The integrated 
deflections of Distance Off Target and the 
pull on the strain gauge dynamometer (SG) 
were measured in the same way as the EEG, 
That is, each of the 24 deflections was meas- 
sured using a special plastic scale, calibrated 
in degrees for DOT and kilograms for SG, 
The average of the 24 deflections was taken 
as the mean DOT or grip pressure for the 
trial, 

Errors,—The number of “up” and “down” 
errors per trial was obtained directly by 
means of two electromechanical counters. 


RESULTS 


Figure 1A shows the continuous 
and approximately linear rise in 
force, as measured by the strain 
gauge dynamometer, through the 
graded series of induced tensions. 
Parts B and C of Fig. 1 show that 
the effect of induced tension in this 
experiment was to impair tracking 
Performance, with the higher tensions 
having a more detrimental effect 
than the lower ones. A two-way 
analysis of variance of these data 
shows that the between-trials varj- 
ance of errors as measured by Distance 
ff Target was Significant (P = .05) 
for the induced tension conditions, 
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Figure 2 presents the EMG data. 
As in the case of the strain gauge, 
the curve for muscle tension in the 
right arm, as a function of the amount 
of tension induced, is approximately 
linear, The other three curves, for 
muscles not directly involved in 
pulling on the dynamometer, likewise 
show incremental changes correspond- 


ing to increasing values of induced 
tension. In Fig. 2B the right leg is 
designated as active because it was 
used in tracking, but the load on the 
leg muscle was constant, of course, 
from one induced tension condition 
to the next. The two left limbs 
(Fig. 2C and 2D) were not engaged 
inany activity. Despite this passivity, 
however, their curves show steady 
rise through the ascending series of 
induced tension values up to Cond. 
VH (i.e., through the series of ten- 
sions that were induced during track- 
ing). Analysis of variance for all 
four muscles also showed the be- 
tween-trials variance to be significant 
(P < .01) over the range of tension 
conditions with tracking. 

The drop in the left arm in tension 
from the Cond. VH during tracking 
to Cond. EX (no tracking) should be 
especially noted in Fig. 2C. This 
is shown as a point on the far right. 
The drop was significant (P <.01). 
It will be recalled that 33 of the 38 
Ss were included in Cond. EX. 
Twenty-five of these Ss pulled on the 
dynamometer their maximum amount 
during this trial, while 8 Ss gripped 
with the same pressure as they used 
in Cond. VH. With this amount of 
exertion, the right leg EMG (Fig. 
2B) showed a significant rise from 
VH to EX (the right leg held the 
tracking pedal all the way down 
during this condition, exerting the 
maximum leg tension for a trial). 
Yet, the right arm EMG (Fig. 2A) 
which was squeezing the dynamom- 
eter, shows only a slight and very 
nonsignificant rise. In fact, 48% 
of the 33 Ss actually showed a fall 
in the right arm EMG from the VH 
tracking condition to the EX non- 
tracking condition; 75% of the 33 Ss 
showed a fall in the left arm EMG 
from VH to EX. The slight rise 
shown in Fig. 2D is not significant, 
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of course. A summary of the per- 
centage of Ss whose measures of 
activation fell for Cond. EX as com- 
pared with Cond. VH is shown in 
Table 1. 

Similar curves for palmar con- 
ductance, heart rate, and respiration 
are presented in Fig. 3. Itis note- 
worthy that there are no reversals in 
the curves which all show a regular 


progressive rise through the increas- 
ing series of induced tensions. Again, 
a two-way analysis of variance re- 
vealed the between-trials variance of 
all three measures to be significant 
(P < .01) over the range of induced 
tension. The fall in palmar con- 
ductance from VH to EX in Fig. 3A 
was significant (P < -05) as was the 
rise in heart rate (P < 01). ‘The 
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slight change in respiration was not 
significant. 

Finally, Fig. 4 presents the EEG 
data which again show remarkable 
correspondence with the increasing 
levels of induced tension. Again, 
both measures showed significant 
between-trials variance over the range 
of tension conditions by a two-way 
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analysis of variance (8-12 cps, P=.05; 
18-27 cps, P = .01). The large 
reversal between Cond. VH and EX 
is especially to be noted (ie, falling 
8-12 cps amplitude, significant with 
P <.01, compared with rising 18-27 
cps amplitude almost significant at 
the .05 level). 


DISCUSSION 


The physiological data were highly 
consistent in showing regular and con- 
tinuous rise in level as a function of 
increments in tension induced in the right 
arm during tracking. Freeman’s (1938) 
and Freeman and Simpson’s (1938) 
results with palmar conductance were 
thus confirmed, but the additional data 
from muscle potentials, respiration, heart 
rate, and especially EEG considerably 
extend the possibilities of interpretation. 
The demonstration of such widespread 
changes, however, would appear to cast 
strong doubt on any rationale limited 
to the skeletal-motor (or somatic) sys- 
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tem. It appears that Meyer's (1953) 
interpretation suffers from this limita- 
tion. The results of this experiment 
definitely encourage the idea that the 
proprioceptive return from induced mus- 
cular tension produces widely generalized 
physiological effects. It therefore ap- 
pears that Malmo (1959) was correct 
when he suggested that induced tension 
is one of the ways in which level of 
activation can be varied. 

The EEG data require some spe- 
cial explanation. Generally, the terms 
“arousal” and “activation” have been 
used to refer to desynchronization in the 
EEG tracing in association with stimu- 
lation. This is what Lindsley (1951) 
refers to as “activation pattern” (p. 
505). It is well known, however, that 
this reaction does not inevitably follow 
an alerting stimulus. The 8-12 cps 
component of the human EEG may, in 
fact, be augmented by an alerting 
stimulus if S$ is sufficiently drowsy. 
Stennett (1957) has systematically in- 
vestigated the direction of the 8-12 cps 
change as a function of the S's prior 
level of activation showing it to be an 
inverted U function. 

In the present experiment, Stennett’s 
(1957) practice of obtaining average 
voltage by means of band-pass filters 
was employed. This method permitted 
independent measurements of 8-12 cps 
EEG amplitude and 18-27 cps EEG 
amplitude. While the overall change 
in 8-12 cps EEG might have been ex- 
pected to occur in the downward direc- 
tion because of the generally activating 
effects of induced tension, finding a 
change in the upward direction was by no 
means unprecedented. In addition to 
Stennett’s results there are recent (un- 
published) findings of Malmo! showing a 
significant overall rise in 8-12 cps 
amplitude in going from a condition 
of lower, to one of higher, activation 
level. Malmo and Surwillo (1960) have 
also shown that under appropriate con- 
ditions an overall fall of 8-12 cps EEG 
can occur with a rise in activation 
level. 


‘R, B. Malmo, personal communication. 
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The evidence from Cond. EX (Table 
1) quite clearly suggests an interaction 
between tension induction and tracking. 
That is, if induced tension were the sole 
factor, the points on the curves for 
Cond. EX should be more continuous 
with the points for Cond. VH than they 
in fact are. These results support the 
previous contention of Malmo (1959, 
p- 373) that activation level is invariably 
determined by an interaction between 
internal factors (mainly those affecting 
the “tonic baseline” activity of the 
ARAS) and external (cue) factors. 

Performance per se in this experiment 
was also affected by induced muscle 
tension but not in the expected direction. 
If it is assumed that Ss were relatively 
relaxed at the lower levels of muscle 
tension, then one would expect perform- 
ance to be enhanced with induced 
muscle tension. On the contrary, how- 
ever, there was a decrement in per- 
formance, and scores rose to prelearning 
levels. One possible explanation for this 
is that Ss were overactivated at even 
the lowest tension level. However, the 
marked increase in physiological meas- 
ures of activation with increased muscle 
tension above the Very Light condition 
would suggest that Ss were quite relaxed 
at the lower levels. Another possible 
explanation is that the necessity of 
squeezing the dynamometer while track- 
ing represented a sufficiently difficult 
task to require divided attention. For 
this explanation to be adequate, it must 
be supposed that the difficulty associated 
with maintaining tension increased with 
tension level. However, the strain 
gauge integrated output actually showed 
amount of tension to be constant over 
the length of a given trial, regardless of 
the amount of tension that was induced. 

In seeking an explanation for the un- 
favorable effects of induced tension, the 
kind of tracking task selected for this 
experiment should be carefully con- 
sidered. In tracking such a very slow 
Moving target with its highly predictable 
Pattern, movements are smooth and 
relaxed in contrast to the high tension 
movements required to do well in track- 
ing a high frequency, irregular target 
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course under visual control. It seems 
quite possible that had the latter (high 
tension) kind of task been selected the 
results may have been different, with 
induced tension improving performance 
rather than degrading it. 


SUMMARY 


Induced muscle tension has been demon- 
strated to have significant effects in relation 
to a wide range of behavioral phenomena. 
From the behavioral evidence, it appeared 
reasonable to consider that induced tension 
was only one of the many ways in which 
activation level can be varied. It followed 
that if induced tension were a reliable means 
of varying activation level, then in addition 
to the behavioral effects which have already 
been demonstrated, induced tension should 
also produce regular and consistent changes 
in the various physiological indicants of 
activation. The purpose of this experiment 
was to investigate such physiological changes. 

Thirty-eight male college students were 
trained in an auditory tracking task. Physio- 
logical indicants of activation included heart 
rate, respiration rate, palmar conductance, 
frontal and occipital EEG, and EMGs from 
active and passive limbs. Following learning 
trials, Ss were required to track while squeez- 
ing a hand dynamometer in order to maintain 
one of five predetermined levels of muscle 
tension, 

Results clearly showed close agreement 
between amount of tension induced and the 
level of activity in all physiological measures. 
These results were considered in support ofa 
theory that the proprioceptive return from 
the induced muscle tension produces gen- 
eralized behavioral and physiological effects 
indirectly by increasing activity in the 
reticular activating system. 
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Taylor (1951), Spence and Taylor (1951), 
Spence and Weyant (1960), and Baron 
and Connor (1960), among others, have 
shown that highly anxious Ss develop 
conditioned eyeblinks at a faster rate and 
to a higher asymptote than less anxious Ss, 
The two experiments reported here are 
practically identical in methodology with 
those mentioned above. They failed to show 
that highly anxious Ss condition better than 
less anxious Ss. 


Experiment I! 


Method.—This experiment investigated the 
relation between anxiety and the presence 
or absence of a ready signal in eyelid condi- 
tioning. The Ss were chosen from intro- 
ductory psychology classes on the basis of 
extreme scores on the Manifest Anxiety 
(MA) scale. Those who obtained scores 
from 24-42 were designated as high-anxiety 
Ss; low-anxiety Ss were those who obtained 
scores from 1-7. One-half of the Ss in each 
of the anxiety groups received a verbal ready 
signal 2, 3, or 4 sec, prior to the CS light; the 
other Ss did not receive the ready signal. 
There were 16 Ss, 8 male and 8 female, in 
each of the four experimental groups. The 
apparatus, method of scoring CRs, and pro- 
cedure were similar to that described by 
Dufort and Kimble (1958) and Spence and 
Taylor (1951), 

Results.—The results are shown in Fig. 1. 
As can be seen, there is (a) no difference be- 


low-A groups which did not receive a ready 
tendency for low-A Ss who 


than high-A Ss who received a ready signal 
(difference not significant on Trials 71-80) ; 


: This was 
determined by an analysis of variance in 
which ready signal, anxiety, and sex were 


+ This experiment was performed by M: 
King in partial fulfillment of the requirements tee the 
x A aren at Duke University under the direction of 


The first finding, where there was no ready 
signal, is contrary to those of Spence and 
Weyant (1960) and Baron and Connor (1960). 
The second finding, where there was a ready 
signal, is contrary to those of Taylor (1951) 
and Spence and Taylor (1951), The third 
finding is in accord with one made by Dufort 
and Kimble (1958). 


Experiment TI? 


Method.—This experiment investigated 
the relation between the MA scale measure 
of anxiety, the Welsh (1956) A measure of 
anxiety, and eyelid conditioning. The Ss were 
chosen from introductory psychology classes 
on the basis of high and low MA scale and 
Welsh A scores. On the MA scale, Ss having 
scores of 24-36 were high-anxiety Ss, while 
those having scores below 7 were low-anxiety 
Ss. On the Welsh A scale, Ss with scores 
above 22 were put in the high-anxiety group, 
while Ss with scores below 6 were put in the 
low-anxiety group. There were 15 male Ss 
in each of the MA scale groups (high MA 


2 This experiment was performed by John Gorman in 
partial fulfillment of the requirements for the MA 
egree at the University of North Carolina under the 
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Fic. 2. Conditioning curves for the four groups 
of Exp. II. 


scale, low MA scale) and 20 male Ss in each 
of the Welsh A groups (high Welsh A, low 
Welsh A). The apparatus, method of scoring 
CRs, and the procedure were similar to that 
described by Dufort and Kimble (1958) and 
Spence and Taylor (1951). 

Results —The results are shown in Fig. 2. 
As can be seen, there is (a) no significant 
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difference between the high and low MA scale 
anxiety groups; and (b) no significant differ- 
ence between the high and low Welsh A 
anxiety groups. 

The contradictory findings presented here 
make it likely that anxiety as measured by 
the MA scale or the Welsh A scale is an 
interacting variable and has an effect upon 
conditioning only when it is combined with 
the proper values of other variables not 
explicitly manipulated by E. 
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Karn and Gregg (1961) have previously 
reported a form of perceptual learning which 
required S to detect the presence or absence 
of a distinguishing binary cue, a dot, in each 
of three circles in a triangular array. Two 
of the three circles provided unchanging cue 
values in that the dot was always present 
in one location and never present in another. 
For the third circle, presence or absence of 
the dot was random. Asa function of amount 
of experience with the complex at exposures 
of 1 sec.—ample time for S to observe without 
error the state of the three circles—significant 
error reduction occurred during test series 
when the exposure time of .1 sec. was too 

1 This research was supported by the United States 
Air Force through the Air Force Office of Scientific 


Research of the Air Research and Development 
Command, under Contract No. AF 49(638)-770. 


short to permit scanning of the entire stimulus 
field. 

It was anticipated that Ss would rationally 
attack the perceptual task by learning the 
nature of the unchanging elements of the 
complex and then direct attention toward the 
changing element. Nearly perfect perform- 
ance should ensue. Instead, the learning 
which occurred was slow and incremental and 
appeared to be the result of some kind of set. 
If cognitive sets play a critical role, per- 
formance should be dependent upon instruc- 
tions given S concerning the task require- 
ments. A simple suggestion or hint can 
result in insightful solutions in certain 
instances (Luchins, 1942; Maier, 1933). 

As an initial attempt to provide a better 
understanding of the behavior generated by 
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Fic, 1. Mean total errors per target as a function 
of number of prepresentations at 1 sec. for nonspecific 


(NS), problem solving set (PS), and specific solution 
groups (SS). 


the multiple stimulus task the instructions 
were modified to induce a problem solving 
set at two levels of explicitness. 

Method.—The apparatus, general pro- 
cedure, and group allocation of Ss were the 
same as those of the previous study (Karn & 
Gregg, 1961). Three configurations (Cs) 
defining the specific combinations of loading 
(presence, absence, or random occurrence of a 
dot in a circle) and location in the triangular 
array were used. These Cs forma latin square 
so that each loading occurs once and only 
once at each location. Amount of prior 
experience was varied by presenting 30, 10, or 
0 prepresentations of the particular C at 1 sec, 
exposure. There followed 60 Presentations 
of the same C at .1 sec. 

The first set of instructions were non- 
specific (NS) in that S$ was informed that 
Sometimes one or more of the circles would 
contain a dot. A report on all circles was 
required, 

To induce a problem solving set (PS) the 
following was added to the basic instructions. 
x Even though you cannot see all of the circles 
at a single Presentation, it is possible to get 
all of them correct. T ty to discover how this 
can be done.” 

_ The third set of instructions were worded 
in such a way that a specific solution could 
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be inferred (SS): “Even though you cannot 
see all of the circles at a single presentation, 
you can get all of them correct by keeping in 
mind that only one of the circles changes 
from trial to trial. Two of the circles never 
change. Use this information to improye 
the accuracy of your reporting.” 

Results and discussion.—Total errors for 
each of the separate target locations during 
60 presentations at .1 sec. were obtained. 
An analysis of variance performed for these 
data yielded significant (P <.01) main 
effects for Location, Loading, Instructions, 
and Number of prepresentations at 1 sec, 

Figure 1 presents the error reduction curves 
for each level of instruction as a function 
of. the number of prepresentations at 1 sec. 
The effect of instructions is to lower the over- 
all magnitude of errors. Differences in the 
slopes of these curves are not significant; 
rate of error reduction remains essentially 
constant. 

The failure to obtain insightful shifts in 
performance suggests that the perceptual 
Processing which occurs remains at the level 
of visual discrimination based on criteria 
as yet unspecified. The lack of evidence fora 
rational processing of the information in- 
herent in the stimulus complex as a function 
of problem solving sets, does not mean that 
learning sets should be discounted or mini- 
mized in explaining the behavior. A variety 
of unique learning sets have been suggested 
or implied as playing critical roles in percep- 
tual learning situations. Nonverbalized per- 
ceptual and motor sets are possibilities as are 
related eye movement biases in search tasks. 
The precise ways in which these factors govern 
the behavior under investigation remains to 
be determined. Whatever their roles, they 
appear to have a hampering influence on the 
problem solving process envisaged in terms 
of a selective utilization of information 
Provided by the stimulus complex 
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CONTRAST EFFECTS IN THE VERBAL CONDITIONING 
OF MEANING! 


FRANCIS J. DI VESTA 


Syracuse University 


The present study extends the 
findings of earlier investigations of 
contrast and assimilation effects to 
attitude change accomplished through 
semantic mediation processes. The 
rationale is based principally on the 
concept-formation approach to atti- 
tude acquisition (Rhine, 1958). A 
basic assumption in this orientation 
is that a concept is defined by some 
principle or common dimension that 
permits the classification of objects. 
The principle is abstracted as a fea- 
ture of a class of stimulus patterns 
through recurrent experiences. Such 
classifications can be made on the 
basis of both the objective and evalua- 
tive characteristics of the dimension 
of meaning. Thus, in addition to 
whatever objective characteristics con- 
tribute to the formation of a concept, 
it is conceivable that pleasant experi- 
ences might add the dimension of 
good to the meaning of a concept while 
unpleasant experiences oF adverse 


1 This research was supported by Research 
Grant M-2900 from the National Institute 
of Mental Health, United States Public 
Health Service. Thanks are due to Marilyn 
Rothschild and Fred W. Naugle for their 
invaluable assistance in collecting the present 
data. 


information from a trustworthy source 
might add the dimension of bad to the 
concept. For all objects and experi- 
ences an essential condition for con- 
cept formation is the associations 
between a common response and a 
variety of stimuli. 

Among the, complex behavioral 
processes, the naming response is a 
most important basis for a common 
response. A simple example is that 
a common name can be attached to a 
series of objects, all of which have 
different physical characteristics to 
form a class, for example, the word 
furniture may be applied to many 
different objects which are physically 
quite dissimilar. The name, or verbal 
response, provides the basis for a 
common mediating process. As me- 
diators they produce stimuli which 
may then become conditioned to other 
mediating, instrumental, or attitu- 
dinal responses, thereby permitting 
the facilitation of new learning whether 
cognitive or affective. Demonstration 
of the feasibility for producing atti- 
tudinal change within this theoretical 
framework has been provided through 
the use of what Staats and Staats 
(1957, 1958) refer to as “classical 
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conditioning.” The effects of dif- 
ferential reinforcement on attitude 
strength, development, and change 
has been demonstrated by Rhine and 
Silun (1958). That evaluative stim- 
ulus components comprise one dimen- 
sion of meaning which mediate verbal 
responses in forming associations is 
documented by the factorial analyses 
of meaning (Osgood, Suci, & Tannen- 
baum, 1957). 

The research designs used in the 
studies exemplified by those of Staats 
and Staats (1957), as well as that of 
Rhine and Silun (1958), typically 
followed the pattern of developing 
two attitudes concurrently. For ex- 
ample, one concept-attitude was devel- 
oped by pairing one name with words 
having positive-evaluative meanings 
and a second concept-attitude was 
developed by pairing another name 
with words having negative-evaluative 
meanings ; or, oneof theaforementioned 
was used in combination with the de- 
velopment of a “neutral” attitude. 
Treatment effects were determined by 
comparing the intra-individual changes 
or difference between the two attitudes 
following the experimental treatments. 

In none of these studies was the 
possibility of a direct-opposite effect 
considered as an alternative for the 
formation of one of the concepts. In 
view of much of the recent (as well 
as the classical) literature on contrast 
effects we would hypothesize that 
similar effects will occur in the devel- 
opment of attitudes by conditioning. 
Changes are to be anticipated under 
these circumstances, in attitudes con- 
cerning related issues as well as the 
specific target issue toward which the 
persuasive effort is directed. In 
similar fashion, the literature in which 
a contrast effect has been demon- 
strated in judgments of simple stim- 
ulus materials (Harvey & Caldwell, 
1959; Sherif, Taub, & Hovland, 1958) 
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suggests the occurrence of a similar 
phenomenon in the simultaneous de- 
velopment of two attitudes. Under 
these circumstances, the more intense 
of the two stimuli serves as an anchor 
or reference point against which t 
other stimulus (attitude object) 
evaluated. While the changes may 
either accompany the change in the 
target attitude or may occur instead 
of it, it is the former condition that 
of present concern. s 

Thus, if contrast effects are to be 
demonstrated in the evaluation of a 
poorly structured concept, polariza- 
tion will occur toward a position 
opposite to that evaluation made of 
the anchoring (target) concept-atti- 
tude. The degree of polarization 
thus will be inversely related to the 
scale position of the anchor object. 
The more remote the anchors the 
greater will be the displacement of the 
scale value of the related attitude 
from that of the anchor. 

The general hypothesis is that a 
contrast effect is obtained when two 
attitudes are formed concurrently 
through verbal conditioning. The 
more specific hypothesis is that if the 
target concept-attitude is formed on 
the basis of a conceptual dimension 
such as evaluation, potency, or ac- 
tivity, the change in the accompanying 
(neutral) concept will also be on that 
dimension but toward the opposite 
pole. Since the concept dimensions 
of potency and activity also have 
high factorial loadings on the evalua- 
tive dimensions, it is assumed that a 
change in one of these concept dimen- 
sions will also be accompanied by a 
change in the evaluative dimension. 

These general assumptions are sug- 
gested in experiments where judg- 
ments have been made on simple 
stimulus materials (Sherif et al., 
1958), and in experiments where both 
source and content were studied 
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jointly (Hovland, Harvey, & Sherif, 
1957) as variables influencing reac- 
tions to persuasion. None of the 
aforementioned studies has been con- 
cerned with contrast effects in labora- 
tory situations where complex verbal 
stimuli were used in the development 
of attitudes, or where the develop- 
ment of one attitude was modified 
by the development of the other, 
while simultaneously minimizing or 
eliminating the complicating effects 
of source. 


METHOD 


Subjects. Seventy-four students partici- 
pated in the experiment as Ss to fulfill one 
of the course requirements in introductory 
psychology. There were 16 Ss in each of four 
experimental groups and 10 Ss in the control 
group. 

Procedure.—The general procedure, with 
but slight modifications, was that employed 
by Rhine and Silun (1958) and also described 
by Rhine (1958). Briefly, it was as follows: 
Subjects were administered the task indi- 
vidually by use of a set of 50 4 X 6 in. cards 
on each of which was a single word, in primary 
type, representing a “trait” or “characteris- 
tic” The instructions were that E wanted to 
find out whether Ss could make predictions 
about the characteristics of each of two little 
known cultures from the kinds of information 
typed on the cards. Since E wanted S to 
start out with as little information as possible 
the actual names would not be used, but in- 
stead the two words CEB and LOJ would be 
used to label the cultures. The “names” 
were picked arbitrarily from Glaze (1928) 
association values of 27%. The S was told to 
look at one trait at a time and predict to which 
culture it belonged by first saying the name 
of the culture and then the trait (eg, S 
might say, “CEB-GRANDIOSE’’)- Following 
each such prediction E announced the correct 
combination as a basis for S to evaluate his 
performance. If S was correct he went on 
to the next card. If incorrect, S repeated the 
correct combination and then proceeded with 
the next prediction. The S went through 50 
trait names in order and then repeated the 
series a second time. A record of S’s errors 
was kept by E. 

Following this procedure S rated each of 
the newly developed concepts, CEB and LOJ, 
separately on 20 semantic differential scales 
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in exactly the same form and order used by 
Jenkins, Russell, and Suci (1958, p. 690). 
These scales had been selected by Jenkins 
et al. (1958) because the factorial loadings 
were highest on the dimension sampled by 
each scale and low on all other factors. 

The treatments differed with respect to 
the concept-formation tasks required of the 
experimental groups. The general format 
of the task, however, was exactly the same 
for all groups. It was comprised of 50 dif- 
ferent trait names from which S was to make 
his prediction; 25 of these traits were to be 
associated with one of the nonsense syllables 
and were classifiable on either the evaluation 
or potency dimension depending upon the 
experimental variation in which the list was 
to be used; the remaining 25 traits were 
represented by neutral words and were not 
classifiable on the respective dimensions 
of meaning. The specific words and the 
serial position of each neutral word were 
exactly the same for each of the experimental 
groups and the control group. The position 
occupied by the traits classifiable on the 
evaluative or potency dimension was the 
same in all groups. For the control group, 
another set of neutral words was used in 
place of the experimental variations of the 
word lists. 

The nonsense syllable used to designate 
the critical concept was associated in Group 
Cyr with unfavorable (negative-evaluative) 
words; in Group Cpg with favorable (posi- 
tive-evaluative) words; in Group Cur with 
words high in value on the potency dimen- 
sion; in Group Crp with words low in value 
on the potency dimension; and, in the control 
group (Group Cy) with words having neutral 
meanings. In all groups, as indicated above, 
the other nonsense syllable was associated 
with words having neutral meanings, the 
same words being used for all groups. The 
data related to the learning of the neutral 
words will be designated by the symbols 
Nyr, Nre, Nar, Nir, and Ny for the respec- 
tive experimental and control groups. 

In the positive evaluative list were in- 
cluded such words as GENUINE, RELIABLE, 
and ÇHARITABLE and in the negative evalua- 
tive list were such words as DESTRUCTIVE, 
DIRTY, and CHEAT, The words in both of 
these lists were selected from those used by 
Rhine? and Silun who chose only those words 
for which there was 90% or more agreement 
among Ss on the classification of the words 
as “very desirable” or “yery undesirable” 


traits. 


see 
2R. J. Rhine, personal communication. 
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The words used in the high and low po- 
tency meaning lists and in the neutral list 
were selected on the basis of mean concept 
values on the masculine-feminine and hard- 
soft scales published by Jenkins et al. (1958). 
Words for the high potency list were selected 
if the mean values approximated 3.00 or less. 
The average scale values of all words finally 
used were 2.24 and 1.96, respectively, on the 
two scales. The opposite ends of the same 
scales were used in the selection of words 
with low potency meaning. The average 
scale values for the 25 low potency words 
on the two scales were 5.19 and 5.36, respec- 
tively. Illustrations of words having high 
potency meanings are RAPID, BASE, ANGER, 
and FIRE; of words having low potency 
meanings are SMOOTH, LEISURELY, and CALM. 

Examples of words in the neutral list are 
FAR, ARCHED, LINGERING, and CONTINUOUS. 
The words in this category were chosen from 
the range of Atlas values between approxi- 
mately 3.00 and 5.00 on each of the three 
dimensions concerned, and insofar as possible 
on the remaining 14 scales, In practice, 
there were few departures from this general 
rule. The average scale values of the words 
so selected were 3.87 on the evaluative scales, 
4,05-on the potency scales, and 3.86 on the 
activity scales, 

The concepts selected for each list thus 
were chosen from a specified portion of the 
rating scale for the manipulated dimensions. 
However, as noted by the authors (Jenkins 
et al., 1958), and as is evident from the 
examples above, the Atlas does not permit 
the selection of words representing factorially 
pure meanings. 
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The analyses to be reported below are 
based on Ss’ ratings on 6 of the 20 scales used, 
The cruel-kind and good-bad scales were 
used in measuring the evaluative dimension, 
and the hard-soft and masculine-feminine 
scales for measuring the potency dimension, 
These particular scales were selected because 
they represent the most highly loaded dimen- 
sions involved in learning the critical concepts 
by the respective experimental groups. The 
active-passive and excitable-calm scales were 
used, in addition, to measure the oriented- 
activity dimension. Inasmuch as no attempt 
had been made to vary the activity dimension 
it was assumed that comparisons of data from 
the evaluative and potency scales with that 
gathered from this measure might provide 
a supplementary control. In practice, how- 
ever, it was virtually impossible to select 
words from the available lists which were 
high on either the potency or evaluation 
dimension and low on the activity dimension. 
In all comparisons, analyses, and combina- 
tions of scales within a dimension, the 
favorable pole of the scales was aligned with 
a rating of 7 and the unfavorable pole with a 
rating of 1. 

The nonsense syllable associated with the 
critical concept and that with the neutral 
concept were counterbalanced within each 
group. In none of the groups were differ- 
ences in learning, and in the consequent 
ratings for concepts learned to the syllables 
CEB and LOJ, significant (P > -05) by £ test. 
Since the nonsense syllables were found not 
to have a significant effect on either learning 
or ratings the two subgroups were combined 


TABLE 1 


Mean RATINGS COMPARED WITH Mean AtLas VALUES or Worps Usep IN 
CONDITIONING THREE CONCEPT-ATTITUDES 


Concept-Attitude 
Semantic Differenti; i 
asa i seia Neutral (Ny) High-Potency (Cip) Low-Potency (Cie) 
Mean Mean Means. | a 
Rating Atlas Rating Aias Rating Mtas 
Cruel-Kind 4.4 4.2 2.3 
l 5 Æ 2.9 
Good-Bad 3.4 35 42 40 21 23 
Masculine-Feminine 3.9 4.0 de? 22 5.9 5.2 
Hard-Soft 4.6 41 19 2.0 5.5 54 
Active-Passive 2.2 3.9 jeri 22 3.5 3.9 
'Calm-Excitable 40 3.8 535 5.0 19 2.8 
D 1,80 1.08 1.24 


Note,—In this and the following tables, 


N in Group Ns is 10, and N in each other group is 16. 


. n ppp 
pr Le 
= m a 
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TABLE 2 


MEANS AND SDs or Concert RATINGS ON EVALUATIVE, POTENCY, AND 
Activity SCALES 


Rating Scale 
Concept-Attitude Evaluative Potency Activity 

Mean SD Mean SD Mean SD 
Evaluative (Cne) 1.44 0.58 1,72 0.72 2.07 x 112 
D 1 (Nex) 3.34 1.22 SIS 1.37 3.69 1.63 
Neutral (Nw) 4.80 1.55 4.25 1.46 3.05 1.21 
Neutral (Nyx) 5.88 0.80 5.19 1,02 5.59 1.27 
Pos. Evaluative (Cre) 6.56 0.71 4.15 1.39 4.09 1.24 
High Potency (Cup) 3.03 1.56 1.76 1.20 1.99 ia 1.30 
Neutral (Nip) 3.69 1.05 2.69 1.23 3.31 1,58 
Neutral (Nw) 4.80 1.55 4.25 1.46 3.05 121 
Neutral (Nne) 4.86 1.52 5.26 1.10 4.99 1.63 
Low Potency (Crp. 6.00 0.81 5.72 1.14 4.79 1,25 


within each experimental group and in the 
control group for all subsequent analyses. 


RESULTS 


In Table 1 Ss’ ratings, on six 
semantic differential scales, of Cup, 
Crp, and Ny are compared with the 
mean of the Atlas values for all 25 
words that were used in the condi- 
tioning of each attitude in these 
groups. The difference, d, between 
the mean ratings of the conditioned 
concept-attitudes and the mean Atlas 
values was found for each of the 
scales. ‘These were combined into 
a single measure, D, a descriptive 
statistic, of the distance between the 
conditioned concept-attitude and the 
Atlas scale values using the formula 
D =Vz@. While the significance 
of D cannot be tested directly it 
should be noted that the maximum 
value of D with the six scales is 14.7. 
Thus, the small values reflect essential 
agreement between Ss’ ratings and 
those published in the Atlas. Inas- 
much as the negative-evaluative and 
the positive-evaluative lists were ob- 
tained from another source, com- 
parable comparisons were not possible. 


In Table 2 are presented the means 
and SDs of ratings given the critical 
and neutral concepts on each of the 
three dimensions, evaluative, potency, 
and activity, by each group. The 
ratings on the two individual scales, 
on which each dimension was meas- 
ured, were combined for this and all 
subsequent analyses to obtain a total 
“factor” score. Similarly, since the 
difference in ratings between Cy and 
Ny was not significant E SROS 
sign test) the two were combined and 
are represented as Ny. 

While there is considerable generali- 
zation among factors to be noted in 
the data summarized in Table 2, 
the most consistent and strongest 
effect occurs in the factor or dimen- 
sion on which the word lists had been 
selected. Also apparent is the effect 
on the ratings of the neutral concept 
by the principle or dimension involved 
in the conditioning of the critical 
concept. The scores are arranged to 
highlight this effect, the arrangements 
being identical for the two dimensions. 

In Table 3 are presented the dis- 
tances for each critical concept com- 
pared with the relevant neutral con- 
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TABLE 3 


Distances (D) bETWEEN RATINGS MADE oF 
THE CRITICAL AND NEUTRAL CONCEPTS 


Distance (of Critical Concept) from 
Neutral Concept Learned 
Concomitantly With: 


Critical 
at Opposing 
Critical Neutral TH, 
Concept | Concent ite 
Cue 7.44 4.36 2.37 
Crp 6.12 3.97 2.99 
Cpr 5.24 3.15 3.07 
Cyr 8.79 6.27 4.01 


cepts (either that learned with the 
critical concept or with the opposing 
critical concept), In every instance, 
the lowest values of D are between the 
critical concepts and the neutral 
concepts conditioned with the oppos- 
ing critical concept. The largest 
values of D, on the other hand, are 
between the critical concepts and the 
respective neutral concepts condi- 
tioned with them. The data in this 
table reflect the specific effects of the 
meaning dimension on the ratings 
of the concept. In every instance 
where the difference was not signifi- 
cant (P > .05) it was either on the 
activity scale or on the scale for the 
unrelated factor,’ 

The comparisons among the neutral 
concepts learned in conjunction with 
the various critical concepts are 
presented in Table 4. It is clear, 
from this as in the previous table, 
that the neutral concept is strongly 
affected by the concurrent learning of 


3 Two tables Presenting the levels of sig- 
nificance on each dimension for the com- 
parisons shown in Tables 3 and 4 have been 
deposited with the American Documentation 
Institute. Order Document No. 6863 from 
ADI Auxiliary Publications Project, Photo- 
duplication Service, Library of Congress; 
Washington 25, D. C., remitting in advance 
$1.25 for microfilm or $1.25 for photocopies, 
Make checks payable to: Chief, Photodupli- 
cation Service, Library of Congress, 


another concept with a strong mean- 
ing dimension. The largest Ds are to 
be found between the neutral concepts 
learned under opposing conditions. 

All Ds shown in Tables 3 and 4 were 
tested indirectly on each dimension 
by use of nonparametric statistics.’ 
The sign test was used for all related 
samples (e.g., in testing the signifi- 
cance of the difference between ratings 
of Cyg and Nyx). The Fisher exact 
probability test was used for testing 
the difference between ratings of all 
independent samples (e.g., in testing 
the difference between the ratings of 
the Cyng and Npr). The median for 
all comparisons was between the .01 
and the .001 level of significance. 
These differences indicate: (a) that 
the critical concepts were developed 
in accordance with the meaning di- 
mension of the words that were asso- 
ciated with them; (b) that, on the 
dimension being conditioned, the neu- 
tral concepts were substantially dif- 
ferent from each other; and (c) the 
ratings made of the neutral concepts 
were most like the ratings of the 
opposite critical concept. 

A further analysis demonstrating 
the dependence of the rating of the 
neutral concept on the rating of the 
respective critical concept was ac- 
complished by correlating the two 
ratings of all Ss (N = 74) in all 


groups. The Pearson 7's, all high 

and significantly greater than zero 

(P < .01), are as follows: p = = 13 
TABLE 4 


DISTANCES (D) BETWEEN RATINGS MADE OF 
THE NEUTRAL CONCEPT LEARNED 
UNDER THE SEVERAL EXPERI- 
MENTAL CONDITIONS 


Comparison D Comparison D 
Nw vs. Nue | 3.75 Nw vs. Nye | 4.29 
Ny vs. Nip 2.62 || Nup vs. Nup | 5.17 
Nw vs. Neg | 3.44 Nye vs. Npe | 4.78 
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for evaluative ratings; r = —.79 for 
potency ratings; and r = —.76 for 
activity ratings. 

Differences between experimental 
groups in the total number of errors 
made during the learning phase were 
tested for significance by analysis of 
variance for simple randomized 
groups. The mean number of errors 
for each group and the F for the 
comparison among groups are pre- 
sented in Table 5. The comparisons 
among means were made by Duncan’s 
multiple range test. These com- 
parisons revealed no significant dif- 
ferences in learning errors between 
Groups Cyr and Cpr, or between 
Groups Cup and Crp, on the critical 
concepts. Group Cre did learn with 
significantly (05 > P > .01) fewer 
errors than either Group Cup or 
Group Crp, however. In the com- 
parisons involving the learning of the 
neutral concepts, significantly (P <.05) 
fewer errors were made in learning 
Npp than in learning Nar, Nip, or 
Nyx. No other differences were 
found to be significant. Since these 
differences were not related in any 
systematic way to the concepts being 
compared, it is doubtful that the 
degree of learning affected the ratings 
made. On the other hand, in every 
instance, the critical concept was 
learned with fewer errors than was 
the neutral concept. Over all groups, 
approximately 40% more errors were 
made in learning the neutral concepts, 
running as high as twice as many 
errors in the groups learning words 
varied on the evaluative meaning 
dimension. In the control group 
(N= 10) an average of 23.6 (SD =4.63) 
errors were made in learning one of 
the neutral concepts and an average 
of 23.7 (SD = 3.82) errors in learning 
the other neutral concept. This 
result is not significantly different 
from expectations based on chance. 
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TABLE 5 


MEAN Errors IN LEARNING THE CRITICAL 
AND NEUTRAL CONCEPTS IN EACH 
EXPERIMENTAL GROUP 


Critical Neutral 
Concept Concept 
Group 
Mean SD Mean SD 
Cre 8.50 | 7.39 | 15.81 | 6,03 
Cre 5.52 | 4.97 | 11.44 | 4.47 
Cre 13.44 | 4.58°| 17.19 | 3.42 
Cur 11.13 | 6.17ġ| 18.81 | 6.52 
F(df = 3/60) 4.73 5.34 
P <.01 <.01 
DISCUSSION 


The evidence supports the general 
hypothesis that attitudes can be devel- 
oped by associating symbols (nonsense 
syllables) with words having in common 
an explicit meaning dimension. Here 
the assumption is that through the past 
history of S positive-meaning words 
were associated with some mediator like 
that representing good and negative- 
meaning words with some other mediator 
such as bad. Similarly, high potency 
words are, by a similar process, associated 
with some common mediator like hard 
and low potency words with a mediator 
such as soft. In the present experiment 
the evaluative dimension of the stimulus- 
traits was most distinct for the groups 
learning the negative or positive char- 
acteristics and the potency dimension 
was most distinctive for the remaining 
two groups. During the learning process 
it is assumed that the abstraction by S 
of the common element mediated the 
rating of the critical concepts on the 
semantic differential scales. Our results 
thus support those of previous investi- 
gators, particularly the conclusions of 
Rhine and Silun (1958). At this point 
in the discussion, the major difference 
between the present study and the 
earlier investigations is that in the 
present study the procedure was ex- 
tended to dimensions of meaning other 
than the evaluative dimension. Thus, 
it was demonstrated that the potency 


542 FRANCIS J. 


dimension of meaning identified by 
Osgood et al. (1957) does provide a basis 
for semantic mediation as does the 
evaluative dimension. In addition, the 
semantic differential scales were used 
in rating the concepts, a procedure 
closer to that traditionally used in the 
measurement of attitude than the con- 
tinued elicitation of a successive series 
of traits used by Rhine and Silun (1958). 

The extreme stability of the ratings 
of the various concepts developed can 
almost be described as dramatic, As 
indicated, the present ratings were nearly 
identical with those arrived at through 
an average of the Atlas values of the 
words used in conditioning both potency 
and neutral meaning to the nonsense 
syllables. Furthermore, in a very real 
sense, our four experimental groups com- 
prise four replications. In each case, 
there was no question that the ratings 
of the critical concepts were in the direc- 
tion and of the approximate magnitude 
that would be predicted on the basis of 
the words used. 

The major hypothesis of the present 
study was that the ratings made as a 
consequence of the conditioning of the 
critical concept would be inversely re- 
lated to the ratings made of the syllable 
associated with the neutral words, This 
hypothesis was supported completely in 
each of the experimental groups. Not 
only is such a contrast effect present, 
but it too appears to be an extremely 
consistent and powerful effect. The 
data compare favorably with those ob- 
tained through the use of simple stimuli 
(Sherif et al., 1958) and through the 
studies of contrast occurring as a result 
of the comparison of source-content 
(Hovland et al., 1957) variables in 
attitudé formation, 

The findings clearly indicate that the 
evaluation of the neutral concept is 
dependent upon the meaning abstracted 
in the conditioning of the critical concept. 
If degree of learning is used as a measure 
of strength of concept-attitude develop- 
ment (Rhine and Silun, 1958), it is 
apparent that the stronger of the two 
concepts (in this instance, the critical 
concept) is the anchor. The high cor- 
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relation between the ratings of the 
critical concept and its corresponding 
neutral concept indicates that the greater 
changes occur at the extremes and the 
lesser changes (assimilation ?) occur at 
the intermediate tating levels. Never- 
theless, while the over-all contrast effects 
are strong, in no case do they equal in 
intensity the ratings of the critical 
concept-attitudes. 

In the interpretation of the contrast 
effects a direct-opposite associative effect 
is highly favored in accounting for the 
evaluation of the neutral concepts sub- 
sequent to the training trials. This is 
consistent with Osgood's (1953, pp. 708- 
711) statement that opposites cannot be 
based upon semantic mediation processes, 
but are the result of highly overlearned 
verbal habits. Nevertheless, this does 
not preclude the possibility of a strong 
self-instruction habit, as a product of 
learning-how-to-learn, existing as a me- 
diating process (see Campbell, Lewis, & 
Hunt, 1958, for example). Thus Ss ina 
Partially ambiguous situation behave 
as though a verbal rule such as that of 
“select-the-opposite”’ is particularly adap- 
tive in an unstructured situation requir- 
ing evaluative responses. Once such a 
verbalization permits the structuring of 
a situation there follows the elicitation 
of the specific combination of opposites 
having the Strongest habit strength 
within a hierarchy of possible responses. 
The particular hierarchy employed ap- 
pears to be dependent upon a contextual 
definition based on the anchor point 
(Di Vesta & Bossart, 1958; Phillips, 
1958). 

There is one further implication of the 
Present findings that concerns the design 
of investigations in this area. In the 
Majority, if not all, studies on the condi- 
tioning of attitudes (Staats & Staats, 
1957, 1958; Staats, Staats, & Biggs, 
1958) and on the development of con- 
cept-attitudes (Rhine & Silun, 1958) the 
Possibility of the Contrast effect appears 
to have been neglected. Important in 
this respect was the fact that Ss learned 
two concepts, concomitantly, one to 
Positive evaluative words and the other 
to negative evaluative words, for ex- 
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ample. In view of the present evidence, 
the results of said procedure would be to 
accentuate the stronger of the two evalu- 
ative poles but the rating of the weaker 
of the two concepts might well be the 
result of a direct (i.e., contrast effect) 
rather than mediated association. Under 
the circumstances it would appear that 
a study of two concepts that are learned 
concomitantly may be an inadequate 
procedure. Because of the possible inter- 
action between the two, separate treat- 
ments in each group, rather than a 
covariance design, would be desirable. 
On the basis of the Rhine and Silun 
(1958) study it would be expected 
that attitude development and attitude 
strength depend in large part on con- 
sistency of reinforcement (degree of 
learning). Provision in the present study 
was made for complete learning of the 
critical concepts by determining through 
pilot studies, the number of trials re- 
quired for an abstraction to be made by 
Ss. The analyses indicate that while 
differences in the mean number of errors 
between groups were to be found in the 
learning of the critical concepts and of 
the neutral concepts, the errors did not 
occur in a way that was related to the 
analyses performed. Thus, the differ- 
ences in errors between those groups for 
which the ratings were directly com- 
pared (e.g., negative-evaluative vs. posi- 
tive-evaluative) were in only one case 
(between the errors made in learning 
the neutral concepts learned respectively 
with the positive evaluative and negative 
evaluative critical concepts) significant. 
On the other hand, in every case the 
critical concepts were learned with 
fewer errors than the respective neutral 
concepts. Thus, some support is given 
to the hypothesis that essential contrast 
may be a superficial definition of the 
concept depending upon a direct, rather 
than mediated, association. Neverthe- 
less, the phenomenon appears as a strong 
and potentially important influence in 
the learning of attitudes. The conditions 
of its demonstration in the present study 
calls attention to a heretofore neglected 
source of the occurrence of the ‘‘boom- 
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erang” effect in the development of 
attitudes. 


SUMMARY 


Each of four groups (N = 16 each) of Ss 
learned one concept-attitude based on words 
strongly representing the evaluative or po- 
tency dimension of meaning and another 
concept-attitude based on words having 
neutral meanings on the respective dimension 
being manipulated. A control group (N=10) 
learned two concept-attitudes, both with 
neutral meanings. 

Concept-attitudes are shown to be de- 
veloped specific to the meaning dimension 
involved in the words used in conditioning. 
Furthermore, in support of the major hypoth- 
esis, concept-attitudes learned to neutral 
meanings, although conditioned to exactly 
the same words in all groups, were found to 
be rated by Ss in direct opposition to the 
respective critical concept. 

A mediation hypothesis was suggested 
as the best explanation of the changes in the 
critical concept. ‘The contrast effect was 
explained in terms of the critical concept 
providing an anchor to which a direct-op- 
posite response was applied for the rating 
of the less structured neutral concept. It was 
indicated that in previous studies of the ver- 
bal conditioning of attitudes some of the 
effect attributed to the mediation hypothesis 
may be little more than the formation of 
essential contrast. Note was also made that 
the contrast effect determined through 
contextual definition (while holding communi- 
cator effects constant) provides still another 
explanation of the so-called “boomerang” 
effect in the development of attitudes. 
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THE SPACING OF SEQUENTIALLY DEPENDENT TRIALS 
IN PROBABILITY LEARNING! 


JEAN P. CHAPMAN? 


Northwestern University 


The present study is an investiga- 
tion of some implications of the sta- 
tistical model developed by Estes 
(1955) and Burke and Estes (1957) 
and a recent extension of this model 
by Witte (1959). More specifically 
it is a study of the effect of massed 
and distributed trials on response 
probabilities when the reinforcing 
events are sequentially dependent. 
Markov series of two-choice events 
are used in a Humphrey’s-type verbal 
conditioning situation. 


Recently there have been several 
studies using a sequentially dependent 
reinforcement schedule. Hake and Hy- 
man (1953), investigating a different 
problem, studied both independent and 
dependent series of experimental events. 
Engler (1958) tested some predictions 
from the Bush-Mosteller model, using 
both independent and dependent series. 
She found that asymptotic marginal re- 
sponse probabilities approximately match 


1 This paper is based on a PhD dissertation 
at Northwestern University. The author is 
indebted to John Cotton for invaluable 
assistance and advice in directing the dis- 
sertation, and to William K. Estes for his 
suggestions on the theoretical portion of this 
study. 

2 Now at University of Kentucky. 
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marginal stimulus probabilities, but that 
asymptotic conditional response prob- 
abilities appear to exceed conditional 
stimulus probabilities except when the 
latter are extremely low. 

A recent investigation by Witte (1959) 
used an extension of the Burke and Estes 
theory. To this theory Witte added a 
stimulus trace hypothesis to predict 
asymptotic behavior when trial spacing 
is distributed and the reinforcements are 
sequentially dependent. Witte predicted 
that conditional response probabilities 
should match the sequential dependencies 
between rewards only when trial spacing 
is massed. When the trial spacing 
is sufficiently distributed, these prob- 
abilities should approach the marginal 
probability for most marginal and con- 
ditional probability specifications. Witte 
tested this using rats in a T maze and 
found that the terminal conditional 
response probabilities for Ss at each 
intertrial interval differed significantly 
in the direction predicted by the theory. 
However, the theory did not adequately 
describe the response probability at all 
points on the trial spacing continuum. 

Witte presented a formula (his Equa- 
tion 4) for the probability puln + 1,4) 
of an A; response after trial n, given an 
E, occurrence on trial n and an intertrial 
interval of t. The solution of his Equa- 
tion 4 is: 
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Thus the conditional response prob- 
abilities tend asymptotically to the cor- 
responding conditional stimulus prob- 
abilities plus or minus ‘‘correction terms” 
of magnitude smaller than 9, and marginal 
response probabilities tend asymptoti- 
cally to marginal stimulus probabilities 
plus or minus “correction terms” of 
magnitude smaller than 8. 

Inspection of this formula reveals 
that it is a kind of weighted average 
of the Burke and Estes model for massed 
and distributed trials. Comparison of 
the Burke and Estes formulation with 
that of Witte reveals that the two models 
make a different prediction for massed 
trials except in the case of N./N; equal 
to zero. In order for Witte’s model to 
be applicable to both massed and dis- 
tributed trials this ratio must be greater 
than zero. 

In the present investigation a com- 
parison of these two models was made 
for data obtained with massed trials, 
A recent study by Anderson (1960), 
published since the completion of this 
work, tested the Burke and Estes (1957) 
model using data from a two-choice 
probabilistic task with sequentially de- 
pendent stimulus events. He found that 
the Burke and Estes model predicted 
terminal response levels quite well for 
the larger values of mıı but did poorly 
for the very low values. 


Inspection of the model by Witte 
shows an important characteristic of 
this model. Each trial is affected 
only by what has occurred on the 
previous trial and by the length 
of the intertrial interval, This leads 
to the prediction that if, after a long 
period of massed trials spaced trials 
were given, the massed trials would 
have no effect on the spaced trials 
after the first spaced trial, and the 
response probabilities would shift 
immediately to the terminal values 
for the spaced trials. For longer 
Spacing intervals the terminal re- 
sponse probabilities should be (for 
most marginal and conditional prob- 
ability specifications) closer to the 
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marginal probabilities plus or minus 
the correction terms. 

As a test of this prediction Ss were 
given a long series of massed trials 
with the reinforcements sequentially 
dependent. After the massed trials, 
each S was given a series of distributed 
trials with the same probability 
specifications as the massed trials. 


METHOD 


Apparatus.—A black board 39 in. X 31 in. 
separated S's apparatus from the apparatus 
visible to E. On S's side of the screen were 
two brown boxes 4 in. X4 in. X2 in. 
mounted 4 in. apart. On the vertical front 
face of each box was mounted a red light 1 in. 
in diameter and below it a toggle switch. 
From these boxes wires ran under the screen 
to the apparatus on E’s side of the screen. 
On this side of the screen were mounted a 
toggle switch which started a buzzer, two 
15-w. bulbs each of which was lighted by the 
toggle switch on the appropriate box on S's 
side of the screen, and two toggle switches 
each of which lighted the red light on the 
appropriate box on S's side of the screen, 
The toggle switch on each of S's boxes turned 
off the buzzer as well as turned on the appro- 
priate light on E’s side of the screen, The 
two boxes in front of S and the corresponding 
lights were arbitrarily labeled Eı and E». 
The S was not aware of this labeling. The 
E, box occurred on the right for half the Ss 
and on the left for the other half. 

Subjects —The Ss were 120 students from 
courses at the University of Chicago and the 
University of Kentucky. They were assigned 
to the 12 groups using a sequence from a 
random numbers table, with the restriction 
that 10 Ss occur in each group. None of the 
Ss had previously served in an experiment 
of this type. 

Procedure.—Each S was given 500 trials. 
The first 480 trials for all Ss were massed 
(one every 5 sec.) and were run without a 
break. There were four sets of marginal 
and conditional probability specifications 
used as shown in Table 1. Thirty Ss were 
contained in each of the four groups cor- 
responding to the four probability specifica- 
tions. After the 480 massed trials, each of 
the four groups was divided into three sub- 
groups. These three subgroups were given 
the 20 additional trials with intertrial intervals 
of 8 sec., 1 min., and 5 min., respectively. 
These intertrial intervals were from the 
Presentation of the reinforcement until the 
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sound of the buzzer starting a new trial, 
and were timed with a stop watch. The 
probability specification was the same for a 
given S throughout all 500 trials. 

The E signaled the beginning of each trial 
by sounding a buzzer. The S then made his 
choice by pressing the toggle switch on the 
appropriate box. This stopped the buzzer 
and lighted the bulb which indicated his 
choice to E. Then E indicated the correct 
choice to S by pressing the toggle switch 
which lighted the light on the appropriate box 
in front of S. 

The orders of presentation of the rein- 
forcements were constructed to comply with 
four sets of marginal and conditional prob- 
ability specifications. These probability 
specifications were chosen to enable compari- 
son of the obtained results with those of 
Engler (1958). She had four groups that had 
the same conditional probability specifications 
as did the present study (ie, mu = .70 and 
25) but had different marginal stimulus 
probabilities (r = 25 and .50). A different 
sequence was made up for each S using tables 
of random numbers (Rand Corporation, 1955; 
Snedecor, 1946; Walker & Lev, 1953) each 
sequence being constructed according to the 
probability specifications for the group to 
which the S was assigned. 

The theory specifies that these sequences 
be truly random. In order to comply with 
this specification the sequences were con- 
structed in the following manner. The experi- 
mental event occurring on Trial 1 was 
determined by using a table of random 
numbers taking into account the value of 
a. The experimental event occurring on 
Trial 2 was then determined by using a table 
of random numbers taking into account the 
value of mı, i = 1, 2 where E, occurred on 
Trial 1, and so forth for all n trials. The 
resulting sequences do not agree exactly with 
the specified probabilities, but the group 
of sequences represents a random sample 
from the population of such sequences. 


RESULTS 
The learning parameter 9 was esti- 
mated from the marginal data using 
the following equation: 


mı — pil) 
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where v is the number of trials used 
to estimate 0. Theta was estimated 
for each group, and the obtained 
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TABLE 1 
MARGINAL AND CONDITIONAL PROBABILITY 
SPECIFICATIONS FOR REINFORCEMENT 
SEQUED ES AND OBSERVED ASYMP- 
totic MARGINAL RESPONSE 
PROBABILITIES 


H; Observed 
Group| Pr(Z1)| Pr (B|E1)| Pr(E2)| Pr (E:4E:)) Asymp- 
tote 


1} .20 -10 .80 | .9250 18 
TI | .20 .25 .80 | .8125 .13 
lll | .35 .70 .65 | .8384 33 
IV | .35 25, .65 | .5962 132) 


values were .037, .062, .028, and .024 
for the four groups, respectively. 

Massed data—The obtained re- 
sponse probability curves are shown 
in Fig. 1. The proportions of Ay 
responses following an Æ, occurrence 
are plotted for blocks of 20 trials. 
These curves are negatively accel- 
erated and nearly asymptotic in the 
later trials, and they are quite vari- 
able, particularly in the later stages 
of practice. 

The sections of Fig. 1 also contain 
the predicted response curves from 
the two theoretical models, that of 
Burke and Estes (1957) and that of 
Witte (1959). Comparison of the 
obtained curves with those predicted 
by Burke and Estes shows that the 
performance for Groups | and IM 
is almost always well above the 
predicted curve. The terminal re- 
sponse values for these two groups 
also are above the predicted asymp- 
totes. These groups both had rein- 
forcement sequences constructed with 
a conditional probability (m11) of .70. 

Groups Il and IV had reinforcement 
sequences with the conditional prob- 
ability of an Fi of .25, given an Æ on 
the previous trial. T] he Burke and 
Estes (1957) predicted curve for 
Group II fits the data fairly well. 
This is true particularly in the early 
stages of practice, but there is some 
indication that the response proba- 
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Predicted and obtained conditional response probabilities for the four 


groups on massed and distributed trials, 


bilities are becoming asymptotic be- 
yond the predicted value. On the 
other hand the response curve for 
Group IV appears to be stabilizing at 
a value less than the predicted value, 
A comparison of the Witte (1959) 
predictions with the obtained curves 
shows that Group IV produced the 
data that best matched the predicted 
curve. This group was the one used 
to estimate the necessary constants, 
N./Ni and jı? In fact it was the only 
group which made possible such 
estimation. (As described earlier 
this model is a kind of weighted 
average of thè Burke and Estes 
[1957] formulation for massed and 
* The method for estimating the constants 
may be found in the author’s dissertation 
which has the same title as the present paper, 
The values were estimated using the asymp- 
totic response probabilities. The obtained 
values were N./N; = 1.91 andj; = .0034, 


completely distributed trials. In or- 
der for the Witte model to be used, 
it was necessary for the obtained 
terminal response data to be either 
equal to the predicted asymptote for 
the Burke and Estes massed trial 
model, or between the asymptotes for 
the massed and distributed models. 
This condition was met only in Group 
IV.) The Witte prediction seems 
to do about as well as the Burke and 
Estes prediction for Group II, par- 
ticularly in the later stages of practice. 

Figure 1 shows the N./N; ratio esti- 
mated from Group IV to be useless 
in predicting the performance of 
Groups I and III. Making a new 
estimate of N,/ N; to make this model 
fit the obtained data from these 
groups results in a negative ratio. 
Theoretically this would say that 
there are more elements (NV) avail- 
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able after an Eı occurrence than are 
present in the entire set of Mit-N. 
elements, or that there are a negative 
number of elements available in the 
S. set. These outcomes do not have 
much intuitive appeal as the theory 

now stands, and the incorporation 
of them would mean a major revision 
of the theory. 

The left half of Table 2 shows S's 
terminal response probabilities based 
on the last 100 trials and the predicted 
asymptotes from both models. The 
difference between the obtained as- 
ymptotes and the Burke and Estes 
(1957) predicted asymptotes was 
tested using a ¢ test for all groups. 
The differences for Groups III and 
IV were significant (P< .01) but 
the differences for Groups I and Il 
were not significant (P = .10 and 
P = .60). 

Distributed trial data.—The ob- 
tained data for the 20 distributed 
trials for the four groups is shown 
at the far right of each section of 
Fig. 1. The Witte theory predicts 
that after a series of massed trials 
the proportion of A, responses fol- 
lowing E: stimuli should immediately 


switch to a point closer to the mar- 
ginal probability specification, plus 
or minus a correction term. The 


prediction is somewhat different for 
Group II where the marginal and 
conditional probability specifications 
are close together. The predicted 
massed asymptote for this group is 
.238 and the completely distributed 
asymptote is .249, with the conditional 
probability equal to .25 and the 
marginal probability equal to .20. 
This switch in the effect of spacing is 
due to the magnitude of the correction 
term for this group. 

The Witte predictions for the three 
intertrial intervals for each group 
are shown at the far right of each 
section of Fig. 1. The groups with 
the greatest predicted switch are I 
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TABLE 2 
OBSERVED AND PREDICTED ASYMPTOTIC 
PROBABILITIES OF A; RESPONSES 
FOLLOWING E, STIMULI 


Massed Trials Distributed Trials 
Group| 

Obs, | B&E] Witte) Interval | Obs. | Pred. 
Massed 69 
8 sec. 80%) .38 
1 | .79 | .69 | .39 |1 min. .38 | .37 
5 min. .74*| 30 
Completely .23 

spaced 
Massed 24 
8 sec. .30 | .25 
II | .20 | .24 | .25 |1 min. 10") .25 
5 min. .22 | .25 
Completely .25 

spaced 
Massed -68 
8 sec. «15 | AT 
TI | .79 | .68*| .48 |1 min. 76*| 46 
5 min. 68") 42 
Completely Asif 

spaced 
Massed 25 
8 sec. 24 | 33 
IV | .32 | .25*| .33 1 min. 26 | 33 
5 min. .35 | 35 
Completely’ 37 

spaced 


Note.—Massed data were tested against the Burke 


and Estes prediction. $ 
* These observed values differ from predicted with 


P <.05. 


and III, the groups with the greatest 
discrepancy between mıı and #. These 
groups show some tendency to switch 
to the predicted values but not 
immediately as is required by the 
theory. The deviations of these 
groups from the predicted values were 
tested using the Wilcoxon (1949) 
signed ranks test. The results of this 
test are shown in Table 2. The 8-sec. 
and 5-min. values are both signifi- 
cantly different from the predicted 
values for Group I. For Group III 
both the 1-min. and 5-min. inter- 
vals produced significant differences. 
Groups II and IV are a little harder 
to interpret since the change predicted 
by the theory is not very great. 
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TABLE 3 
COMPARISON OF OBTAINED MARGINAL 
RESPONSE PROBABILITIES AT 240 
TRIALS OF ENGLER’s DATA 
AND PRESENT DATA 


| 


Condi- Marginal Probability 

tional | — 

RaT Il a0 | 25 3s 50 
(Present) | (Engler) | (Present) | (Engler) 

25 | 179 133 324 | 493 

.70 | 117 .22 322 | 498 
| 


In fact the predicted distributed trial 
values are close to those predicted 
for the massed trials. Inspection of 
the results for these two groups 
reveals that the obtained values are 
scattered about the predicted values. 
Only one of the six differences tested 
for these two groups is significant 
(Group II: 1 min.), 

For each of the four groups the 
Kruskal-Wallis Z7 test was used to 
test whether the three subgroups 
having different intertrial intervals 
differed from each other in response 
probability, The differences were 
not significant for any of the four 
Groups. Group I showed a trend 
toward significance (7=5.59, P.07) 
with the 1-min, group being the 
deviant one. 

Each of the spaced groups was 
compared with its respective massed 
asymptote to test whether there was 
a significant change in conditional 
response probability when trial spac- 
ing was introduced. These differences 
Were tested using a sign test. Only 
one of the 12 subgroups showed such 
an effect. The 1-min. condition for 
Group | showed a significant change 
from the massed to the spaced 
condition, 

Marginal data—The theory of 
Burke and Estes (1957) predicts the 
marginal response probability equal 
to Pr(£,). Table 1 shows the ob- 
tained and predicted asymptotic mar- 
ginal response Probabilities. The 


obtained asymptotes are based on 
the last 100 trials. This table shows 
the obtained marginal responses to 
be consistently below those predicted 
by the theory. In order to compare 
the present data more directly with 
these of Engler (1958) the response 
probability values at 240 trials were 
computed from the present data. 
These values at 240 trials are com- 
pared with Engler’s findings in Table 
3. At this stage of practice the 
present data match the marginal 
probability specifications about as 
well as does the Engler data. 

As an indication of the effect of 
conditional probability specification 
of the series on Marginal response 
behavior, a 2 X 2 analysis of variance 
of marginal response probabilities 
was computed. No difference was 
found in marginal responses due to 
conditional probability specification 
(2)=),205; df = 1/116). The inter- 
action of marginal and conditional 
probability specifications also was 
not significant (F = 1.94). 


Discussion 


The results of this study show that 
with sequentially dependent massed 
trials, the asymptotic conditional re- 
sponse probability does not uniformly 
match the conditional stimulus prob- 
ability. Consistent with the results of 
Engler (1958), in some series when 
the conditional Probability was high 
(mu = .70) and the trials massed, the 
conditional response Probability of an 
A; response following an E, stimulus 
exceeded the series specification. In 
the groups where the series specification 
was low (m1 = .25) the groups approxi- 
mately matched the predicted asymptotes. 

This study was designed also to test 
Some inferences from two models, one 
of Burke and Estes (1957) and a modifi- 
cation of this model by Witte (1959). 
The results confirmed the finding by 
Anderson (1960) that the mathematical 
Predictions showed some inadequacies 
in predicting the performance of human 
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Ss in a verbal conditioning situation with 
sequentially dependent reinforcements. 

The mathematical predictions about 
the distributed trials were not upheld 
in the two groups for which a large shift 
was predicted. The Witte model pre- 
dicted that if, after a series of massed 
trials, spaced trials were given, the 
response probabilities would immediately 
shift to the terminal values for the spaced 
trials, the amount of shift determined in 
part by the size of the difference between 
the marginal and conditional stimulus 
probabilities. This immediate shift was 
not found in the data, though there 
seemed to be some indication of a trend 
of Ss’ responses toward the predicted 
values. 

There is a large amount of variability 
noted in the response curves, especially 
in the groups that had series with long 
sequences. This is the case particularly 
in later stages of practice when it is not 
expected. One could speculate that 
many Ss “caught on” to the presence of 
long sequences early in learning and were 
becoming less motivated as the series 
progressed. Many Ss reported that 
they were “getting pretty bored” to- 
watds the end of the series and weren't 
“paying much attention to the task.” 
They reported trying various repetitive 
responses (e.g. pushing the switch 10 
times on one side, then 10 on the other) 
to break up the monotony. The E, 
also, noted many Ss dropping charac- 
teristic ways of responding and adopting 
different patterns of responding in the 
latter part of the series. 

The analyses of the marginal data 
revealed that Ss overshot the more 
frequent stimuli or undershot the less 
frequent stimuli in the later stages of 
practice. Comparison of the present 
data with Engler’s (1958) data showed 
that as the number of trials increased, 
Ss tended to go somewhat beyond the 
predicted number of marginal responses. 
Tt would seem that with sufficient trials 
and sequentially dependent reinforce- 
ments Ss tend not to match the marginal 
stimulus probabilities. It was also found 
that there were no differences in marginal 
response behavior due to the conditional 
stimulus probability specification. 
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SUMMARY 


This experiment on probability learning 
was designed to test several predictions from 
the Burke and Estes (1957) model and from 
an extension of this model by Witte (1959). 
A total of 120 Ss were tested on a Humphrey’s- 
type light guessing apparatus, The series of 
reinforcing events weresequentially dependent, 

The results showed that neither model 
adequately predicted performance on massed 
trials when the conditional stimulus prob- 
ability was high, although both models did 
somewhat better at predicting performance 
when the conditional probability was low. 

A prediction from the Witte model on 
performance on a series of distributed trials 
after a long series of massed trials was not 
upheld. There is some evidence that the 
model predicts qualitative but not quantita- 
tive changes from distributed trials. 

The marginal response behavior revealed 
that response probability was consistently 
below the stimulus marginal probability. 
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Indiana University 


The purpose of the present in- 
vestigation was to compare the acqui- 
sition and extinction of CRs in 
classical and instrumental avoidance 
eyelid conditioning when the com- 
parison was independent of the num- 
ber and pattern of UCS occurrences. 
In addition, the study was concerned 
with assessing the effects of omitting 
versus delaying onset of the UCS on a 
fraction of trials, under the two 
conditioning procedures. 

Eyelid conditioning studies 
Logan (1951), Kimble, Mann 
Dufort (1955), and Hansche (1959), 
comparing classical and instrumental 
avoidance procedures have indicated 
a higher level of conditioning with 
the classical procedure. Logan (1959), 
and Kimble et al. (1955), have 
attributed the inferior level of condi- 
tioning of the instrumental procedure 
to its partial reinforcement schedule. 
Kimble et al., further suggested 
that the observed differences may 
reflect some nonassociative effects 
of the UCS (i.e., each UCS occurrence 
develops an increment of acquired 
drive) and not an associative or 
learning factor. Moreover, Spence 
(1958) assumes that drive level (D) 
is in part a function of the general 
level of emotionality resulting from 
previous administrations of a noxious 
UCS. Since in instrumental avoid- 
ance conditioning the CR prevents 
the occurrence of the UCS, rein- 
forcement theory would seem to 
imply, therefore, that classical condi- 

1 This research was su; 
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tioning is superior because of the 
greater number of reinforcements 
and higher motivational level of RY: 
Stimulus-response contiguity theory 
(Guthrie, 1952) would also predict 
superior conditioning under the clas- 
sical procedure presumably, however, 
because it assures the occurrence of a 
vigorous response on every trial. 
On the other hand, statistical learning 
theory (Estes, 1959)? would attribute 
inferior conditioning of the instru- 
mental procedure to the greater 
variability of stimulus conditions. 
These interpretations, based on pre- 
viously reported studies, have at- 
tributed differences in conditioning 
level to differences in the number 
and pattern of UCS occurrences 
Presumably then, if an experimental 
comparison were made in which the- 
pattern and number of UCS occur- 
rences (and their possible nonassocia- 
tive effects) were the same, these 
interpretations would lead one to 
expect no differences in performance 
under the two conditioning pro- 
cedures. The present investigation 
attempted to make this comparison 
employing two reinforcement tech- 
niques: Depending on response con- 
tingencies, the UCS was omitted on a 
fraction of the acquisition trials or 
merely delayed by an interval longer 
than that shown to produce little or 
no conditioning (McAllister, 1953). 


METHOD 


Apparatus.—The S's room 
treated and contained two ide 
ae AES, 

IW. K. Est 
1959, 


was sound 
ntical well 


es, personal communication, 


INSTRUMENTAL AND CLASSICAL EYELID CONDITIONING 553 


illuminated enclosures permitting 2 Ss to 
be run simultaneously. The stimulating and 
recording components for the enclosures were 
identical. The enclosures were 3 ft. wide, 
4 ft. deep, and 5 ft. high and their inside 
surfaces were painted a flat white. The S 
sat in the booth in a straight-backed chair 
and about 3 ft. in front of his eyes and slightly 
above his line of vision was a white rectangu- 
lar box with a 10-cm. circular milk glass 
window. The CS consisted of an abrupt 
change in the illumination and hue (to 
reddish-orange) of this window upon dis- 
charge of a 2-w. General Electric NE 40 neon 
lamp. Also present in the enclosure was an 
intercommunication set and two 15-w. in- 
candescent lamps which were kept lighted at 
all times to minimize beta responses (Grant, 
1943; Grant & Norris, 1946). On top of the 
enclosures, and equidistant from their ad- 
joining walls, rested an electric fan which 
provided a masking noise within theenclosures. 

The S wore an elastic headband supporting 
a padded aluminum plate on which was 
mounted a rigid plastic stimulus air jet with 
a 2-mm. diameter orifice, and a microtorque 
potentiometer used to pick up S's eyelid 
movement. Flexible plastic tubing from 
each of the air jets led to the two arms of a 
Y joint. The third arm of the Y joint was 
coupled to a rubber hose leading to E's room 
and an ac-operated solenoid valve and tank 
of compressed nitrogen. The microtorque 
potentiometer was coupled to the right eyelid 
in a manner similar to that described by 
Grant, Schipper, and Ross (1952). A hypo- 
dermic tube was mechanically coupled to 
the shaft of the potentiometer and a length 
of piano wire was inserted in the tubing. To 
the other end of the piano wire was attached 
a small circular piece of thin aluminum. 
‘The aluminum tab was attached to S's eyelid 
by adhesive tape, thus permitting movement 
of S's eyelid to be transmitted to the shaft of 
the potentiometer. The frictional torque of 
the potentiometer was rated at about .004 
in-oz. The signal from the potentiometer, 
generated by movement of the eyelid, was 
amplified by a Brush de amplifier and re- 
corded by means of an inkwriting Brush 
penmotor. Brush penmotors also recorded 
onset and termination of the CS and UCS. 

Hunter-Brown and ATC electronic timers 
controlled durations of the cs, UCS, and 
CS-UCS interval. Activation of the timers 
and control of intertrial intervals was ac- 
complished by a Western Union tape trans- 
mitter. The transmitter was pulsed by a 
cam-microswitch arrangement driven by a 
sychronous motor. The CS consisted of an 


abrupt change in illumination and hue of the 
milk glass window from .19 to .26 mL. which 
lasted for 600 or 3100 msec.* The UCS was a 
puff of compressed nitrogen of 100-msec. 
duration delivered to the right cornea and 
terminating with offset of the CS. The CS- 
UCS interval was either 500 or 3000 msec. 
The intensity of the air puff, measured at its 
point of delivery to the eye, was of sufficient 
intensity to support a 200-mm. column of 
mercury. The air puff was applied at a 
distance of 4 in. from the right eye of S, and 
eyelid movements were recorded from this 
eye. 

A thyratron circuit, when switched on, 
operated a relay whenever an eyeblink of a 
preset sufficient magnitude occurred. The 
system was designed so that eyeblinks 
occurring 200 to 500 msec. after CS onset, 
could prevent occurrence of the UCS or 
delay its onset for 3000 msec. A switch per- 
mitted E to determine whether CRs from one 
or the other of the two recording systems 
would activate the circuit. 

Procedure.—All Ss received 70 acquisition 
and 20 extinction trials. The intertrial inter- 
vals were 15, 25, and 35 sec., in a random 
order with an average of 25 sec. Eyelid 
closures of at least 1-mm. deflection from the 
baseline in the latency range of 200 to 525 
msec. during acquisition and 200 to 600 msec. 
during extinction were considered to be CRs. 

Experimental design.—The Ss were ran- 
domly assigned to five groups of 24 Ss with 
sex differences and any variability associated 
with the two recording systems balanced 
among groups. Four of these groups con- 
stituted the cells of a 2 X 2 factorial design 
in which instrumental avoidance and classical 
reinforcement conditions were made orthog- 
onal to two partial reinforcement procedures. 
For an avoidance conditioning group (A) 
and avoid-yoke group (AY) 2 Ss, 1 from 
each group, were run simultaneously in a 
yoked-chair procedure in which a sufficient 
eyelid response in the 200 to 500-msec. 
interval after CS onset, by the Sin Group A, 
precluded the occurrence of the UCS for 
both Ss on that trial. If the S in Group A 
failed to make a CR, the UCS was presented 
to both Ss 500 msec. after CS onset. An 
avoid-delay group (AD) and avoid-delay- 
yoke group (ADY) received an analogous 
poses ae 

3 Calibrations were made with a Spectra 
Brightness Spot meter manufactured by the 
Photo Research Corporation, Burbank, Cali- 
fornia. Readings were taken with a filter 
corresponding to the “red eye” of the CIE 
luminosity curve. 
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responses in acquisition, 

procedure in which a CR by the S in Group 
AD delayed the occurrence of the UCS for 
both Ss for 3000 msec. The fifth group, a 
conventional classical conditioning group 
(C), received the UCS on every trial at a 
CS-UCS interval of 500 msec, In extinction 
trials all groups received the CS alone for 600 
msec. 

Subjects—The Ss were 120 men and 
women from introductory psychology courses 
at Indiana Universit They were instructed 
to maintain a passive attitude toward the 
experiment and not to influence their natural 
reactions to the stimuli, Twenty-four Ss for 
each of the five conditions satisfactorily com- 
pleted the experiment. In addition, 12 Ss 
were discarded from the experiment because 
of apparatus failure or experimental error, 


Resutts 


The distribution of response la- 
tencies in acquisition for all five 
groups is shown jn ign," "Phe 
distributions are clearly bimodal with 
the first modes from the left showing 
the distribution of responses com- 
monly taken as reflex responses to 
light (Grant, 1943). These responses 
are distributed about the 75-msec, 
mode with a latency range of approxi- 
mately 40 to 120 msec. and occur with 
the highest frequency in Group A 
(avoid), The relatively low fre- 
quency of responses from approxi- 
mately 100 to 200 msec., the beta 
range (Grant & Norris, 1946) sug- 
gests that precautions to maintain 
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light adaptation were successful. Exe 
amination of the distribution of 
responses in the 200-525 msec. inter 
val indicates some differences in the 
modal CRs among the five groups. 
The modal CRs for the two instru- 
mental conditioning groups, A (avoid) 
and AD (avoid-delay), show slightly 
longer latencies than their yoked 
partial reinforcement groups, AY 
(avoid-yoke) and ADY (avoid-delay- 
yoke). Furthermore, Groups AD and 
ADY show a relatively greater fre- 
quency of CRs at the longer latency 
intervals. Inspection of records on 
delayed-UCS trials, however, indicated 
a relatively small number of responses 
in the 525-3000 msec. interval (not 
graphed). The mean number of eye- 
blinks in the 525-1025 msec. interval 
for Groups AD and ADY was 4.20 
and 3,92, respectively, and in the 
2500-3000 msec. interval, 8.04 and 
5.25, respectively. 

In Fig. 2 is shown the latency dis- 
tribution of responses in extinction. 


The latencies of the modal CRs 
do not appear to have changed 
to any considerable extent from 
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acquisition to extinction. There are, 
however, relative to Groups C, AD, 
and ADY, a greater number of 
responses elicited in Groups A and 
AY. 

Figure 3 presents the results of 
plotting percentage CRs in acquisition 
and extinction. The initial points for 
all acquisition curves are the per- 
centage responses on the first trial. 
The remaining acquisition points are 
the percentage CRs for each 10-trial 
block and points on the extinction 
curves are plottings of 5-trial blocks. 
Examination of the figure indicates 
that all groups perform essentially 
alike on the first trial. The rate of 
acquisition of CRs by Group C then 
proceeds to surpass that of the other 
groups, reaching a maximum of 90% 
on ‘Trial Block 3 and stabilizing at 
around 87% for the remaining blocks 


of trials. Groups A and AY pursue 
essentially identical courses of acqusi- 
tion up to Trial Block 2, where per- 
formance is at about 55%. Group AY 
remains approximately at this level 
while Group A continues its rapid 
upward course to 72% CRs on Trial 
Block 3 and from there proceeds 
to show a very gradual rise to a level 
of about 76% on the last 10-trial 
block. Since the UCS fails to occur in 
Groups A and AY when CRs are 
made by Ss in Group A, it is of 
interest to note that the stable per- 
formance of Group AY is being main- 
tained under decreasing frequency 
of UCS occurrences. Also of interest, 
is the failure of Group A to reach 
asymptote. If further acquisition 
trials had been given it is conceivable 
that performance of this group might 
have reached the asymptotic level 
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of performance of Group C. Exami- 
nation of the acquisition curves for 
Groups AD and ADY indicates that, 
for the first 30 trials, Group ADY is 
performing at a higher level. How- 
ever, after Trial Block 3 there is a 
crossover in the two functions, with 
Group ADY dropping below Group 
AD to 58% CRs on Trial Block 4 
while Group AD continues to rise 
until reaching an essentially asymptotic 
level of 63%. 

The extinction curves presented on 
the right-hand side of Fig. 3 indicate 
a sharp drop in the percentage CRs 
in Group C, a lesser drop in Group A, 
and a brief rise followed by a drop in 
Group AY. Groups AD and ADY 
demonstrate essentially identical drops 
except that on the last five-trial block 
there is an upturn in Group ADY. 
The small drop in percentage CRs of 
Group AY relative to the large drop 
in Group A suggests that, under 
identical pattern and number of UCS 
occurrences, classically conditioned 
CRs (AY) may be more resistant 
to extinction than instrumentally 
conditioned CRs (A). A comparison 
of the extinction trend of Group C 
with the four other groups, looked 
at in terms of frequency of rein- 
forcements (i.e., Presentation of the 
UCS 500 msec. after CS onset), 
reveals what would be expected from 
the previous literature on partial 
reinforcement. 


The percentage CRs on Trials 41-70 of 
acquisition and 1-20 of extinction of the five 
groups presented in Fig. 
the arc-sine transformation to bring about 
homogeneity of variance 
The two instrumental conditioning 


condi- 


subjected to an analysis of variance in which 
response contingency (instrumental and clas- 

k gor rcement 
technique (omission and delay of UCS). 
Table 1 presents the analysis of variance 
for the acquisition and extinction data. 
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Except for the error mean squares which 
appear in parentheses at the bottom of 
each column, only the F ratios are pre- 
sented. In Row 1, the source of variation 
tested is instrumental (A and AD) vs. 
classical (AY and ADY) conditioning. The 
F values indicate that the instrumental 
procedure was superior to the classical pro- 
cedure at the .005 level for acquisition, 
but was not significant for extinction. 
Individual ¢ test comparisons for acquisi- 
tion yielded a P value of .01 for A vs. AY 
but failed to reach the .05 level for the 
AD vs. ADY comparisons. This indicates 
that the significant F value in favor of 
the instrumental procedure is primarily 
determined by the superior performance of 
Group A as compared with Group AY, Row 
2 of this table shows that the partial rein- 
forcement techniques of omitting vs. delaying 
the UCS (i.e., A, AY vs. AD, ADY) had no 
significant effect in acquisition, but produced 
an F value significant at the .01 level in 
extinction. Careful examination of the ex- 
tinction curves in Fig. 3 indicates that this 
significant F was obtained because the UCS- 
omission groups (A and AY) elicited a greater 
number of responses in extinction than the 
UCS-delay groups (AD and ADY). Row 3 
presents the source of variation attributable 
to sex and Row 4 to differences in the two 
recording systems. The F values for these 
sources of variation failed to reach significance 
in acquisition or extinction, Row 5 presents 
the interaction effects of response contin- 
gency (instrumental and classical) and partial 
reinforcement technique (UCS-omission and 
UCS-delay). The F ‘for acquisition was 
significant at the .05 level, but failed to reach 
significance in extinction, Examination of 
the acquisition curves in F ig. 3 shows that 
this significant interaction effect is attribut- 
able to the fact that under the instrumental 
procedure the UCS-omission group (A) was 
superior to the UCS-delay group (AD), but 
under the classical procedure the UCS-delay 
group (ADY) was superior to the UCS- 
omission group (AY). The remaining sources 
of variation failed to reach statistical signifi- 
cance in acquisition, but in extinction Rows 
6 and 7 resulted in F values significant at the 
05 level. The source of variation tested in 
Row 6 is the interaction effects of sex and 
response contingency. Examination of per- 
centage CRs in extinction indicates that under 
the instrumental procedures men gave an 
average of 32.62% and women 53.09% CRs, 
whereas, under the classical procedures men 
Save 38.31% and women 34.84% CRs. 
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Row 7 presents the interaction effects of 
recording system and sex. The significant F 
is due to the fact that under one recording 
system men gave an average of 31.98% and 
women 51.01% CRs while under the other 
recording system men gave 38.95% and 
women 36.92% CRs. Interpretation of these 
significant F values (extinction for Rows 6 
and 7) would appear to be trivial and probably 
represent Type I errors. 


Statistical comparisons in acquisi- 
tion were made of the conventional 
classical conditioning group (C) with 
Groups A, AY, AD, and ADY and 
indicated that Group C was signifi- 
cantly superior to all other groups 
(t tests, 46 df, P < .01 in all cases 
except Group C vs. Group A, where 
P = .05). Similar comparisons in 
extinction revealed that Group A 
made significantly more CRs dur- 
ing extinction than the four other 
groups (P < .01, except A versus AY 
where P = .05); all other possible 
comparisons failed to show significant 
differences. 


DISCUSSION 


The principal findings of this investi- 
gation were: (a) the instrumental avoid- 
ance conditioning group (A), when 
compared with a classical conditioning 
group equated for number and pattern 
of UCS occurrences, demonstrated a 
superior level of conditioning; (b) the 
partial reinforcement procedure of UCS- 
omission resulted in greater resistance 
to extinction than UCS-delay; (c) a 
significant interaction was obtained in 
acquisition between response contin- 
gency and partial reinforcement tech- 
nique i.e, under the instrumental pro- 
cedure the UCS-omission group (A) was 
superior to the UCS-delay group (AD), 
but under the classical procedure the 
UCS-delay group (ADY) was superior 
to the UCS-omission group (AY); (4) 
the conventional classical conditioning 
group (C) was superior to all groups 
in acquisition but demonstrated the 
least resistance to extinction, whereas, 
the avoidance group (A) showed the 
greatest resistance to extinction. 
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TABLE 1 


ANALYSES OF VARIANCE OF PERCENTAGE CRs 
DURING ACQUISITION AND EXTINCTION 


F ratios 
5 ————— 
Source of Variation 
ag| Acquisi- | Extine- 
tion tion 
Response contingency 
(RC): Instrumental (A 
and AD) vs. classical 
conditioning (AY and 
ADY) | 1] 9.05" | 1.59 
Partial reinforcement tech- 
nique (PR): UCS-omis- 
sion (A and AY) vs. 
UCS-delay (AD and 
ADY) 1 0.14 7.83% 
Sex (S) 1| 0.92 2.93 
Recording system (RS) 1 3.70 0.51 
RC X PR 1 5.09% 2.93 
RC XS 1 115 5.81% 
RS XS 1 3,77 4,49% 
PR XS í 1.06 1.87 
PR XRS 1 0.46 0,06 
RS XRC 1 0,00 0.01 
RC XPR XS 1 1.83 1.71 
RC X PR XRS 1 0.24 2.62 
RC XS XRS 1 2.03 0.22 
PR XS XRS 1 0.13 0.08 
RC XPR XS XRS 1 0.45 1,61 
Error 80 | (383.61) (592,18) 


Note-—Number in parentheses are error mean 
squares. The analyses were performed on the arc-sine 
transforms of individual total percentage CRs for the 
last Boiron trials and 20 extinction trials. 


* P = 01. 

+ P = 005. 

The first finding is contrary to the 
speculations of Logan (1951) and Kim- 
ble, Mann, and Dufort (1955), suggesting 
that the inferiority of instrumental to 
classical eyelid conditioning could be 
accounted for in terms of partial rein- 
forcement. The acquisition data of the 
present investigation indicate, in fact, 
that instrumental eyelid conditioning 
when equated in terms of partial rein- 
forcement pattern and number of UCS 
occurrences, is superior to classical 
conditioning. This difference can not 
be adequately interpreted by present 
versions of reinforcement theory, con- 
tiguity theory, or statistical learning 
theory which have limited their formu- 
lations to the role of the UCS as a 
determiner of performance, without tak- 
ing into account the relationship of the 
CR and occurrence of the UCS under 
the two conditioning procedures. In 
the instrumental procedure the UCS 
occurs only in the absence of the CR 
and in the classical procedure it occurs 
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independent of the CR. The superior 
performance of Ss in the instrumental 
procedure appears to be due then, to 
their receiving the UCS when needed, 
i.e,, when the CR fails to occur, whereas, 
no such consistent relationship exists for 
the classical partial reinforcement pro- 
cedure. If one were to assume that the 
association between the CS and CR is 
formed in an all-or-none fashion, as has 
been suggested by Estes (1960), then 
presentation of the UCS would have a 
maximum effect on response probability 
when the CR fails to occur and no effect 
when the CR does occur. Since in the 
yoked classical procedure any number 
of trials may elapse in which neither the 
CR or UCS occur it would be expected 
that this relationship would lead to 
performance that is inferior to the 
instrumental procedure. 

The second and third finding bears 
on the function of the delayed-UCS 
procedure in classical and instrumental 
eyelid conditioning. Reynolds (1958), 
Ross (1959), and Ross and Spence 
(1960), in investigations of classical 
partial reinforcement, have employed 
the delayed-UCS procedure to control 
presumed motivational factors on non- 
reinforced trials. These experiments 
did not compare delayed-UCS partial 
reinforcement with the usual partial 
reinforcement technique of omitting 
the UCS completely on a certain per- 
centage of trials. In the present in- 
vestigation there were no significant 
differences in acquisition between the 
UCS-delay and UCS-omission proce- 
dures but UCS-omission did lead to 
greater resistance to extinction. The 
third finding Suggests, however, that the 
two reinforcement techniques might 
operate differently under classical and 
instrumental conditioning. Under the 
instrumental procedure the UCS-delay 
technique (relative to UCS-omission) 
appears to attenuate performance, where- 
as, under the classical procedure it 
enhances performance, The exact func- 
tion of UCS-delay remains equivocal 
however, since the present comparisons 
of UCS-delay groups with UCS-omission 
groups are necessarily limited by the 
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fact that their respective schedules of 
reinforcement were generated by the 
performance of the two instrumental 
groups (A and AD), and these schedules 
were not the same. (The percentage 
reinforcement of Groups A-AY and 
AD-ADY were 39.58 and 52.13, respec- 


tively.) 
The fourth finding indicates that 
acquisition of CRs in classical eyelid 


conditioning on a 100% reinforcement 
schedule is superior to instrumental and 
classical partial reinforcement condi- 
tioning even when care is taken to con- 
trol possible nonassociative effects of the 
UCS (i.e. presentation of the UCS at the 
delay interval of 3000 msec.). The 
greater resistance to extinction of the 
avoidance group (A), in which the UCS 
did not occur on every trial, can perhaps 
be best accounted for in terms of Shef- 
field’s (1949) stimulus trace hypothesis 
of partial reinforcement. According to 
this formulation, the perseverative stim- 
ulus traces of nonreinforcement become 
part of the CS complex operating ‘during 
the following trial. These perseverating 
cues are precisely those which occur 
in extinction. More indirect support 
for Sheffield’s hypothesis is provided by 
the similarity in extinction of the 100% 
reinforcement group with the UCS-delay 
groups. Since the occurrence of the 
UCS on all conditioning trials for the 
UCS-delay groups made the stimulus 
after effects following reinforced and 
nonreinforced trials highly similar, the 
stimulus trace hypothesis would predict 
little or no differences in extinction. 
This finding in support of Sheffield’s 
hypothesis has the logical restriction 
however, of becoming definitive only 
if the null hypothesis can be proved. 


SUMMARY 


The acquisition and extinction of CRs in 
classical and instrumental avoidance eyelid 
conditioning were compared when the com- 
Parison was independent of the number and 
pattern of UCS occurrences. In addition, the 
effects of omitting vs. delaying onset of the 
UCS on a fraction of trials were studied under 
the two conditioning procedures. 

The results were as follows: (a) The instru- 
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mental avoidance conditioning group, when 
compared with a classical conditioning group 
equated for number and pattern of UCS 
occurrences, demonstrated a superior level 
of conditioning. (b) The partial reinforce- 
ment procedure of UCS-omission resulted in 
greater resistance to extinction than UCS- 
delay. (c) In acquisition the instrumental 
procedure of UCS-omission was superior to 
U elay, but under the classical procedure 
UCS-delay was superior to UCS-omission. 
(d) A classical conditioning group on a 100% 
reinforcement schedule was superior to all 
groups in acquisition but demonstrated the 
least resistance to extinction, whereas, the 
instrumental avoidance group showed the 
greatest resistance to extinction. 

These findings were discussed in terms of 
several contemporary hypotheses. 
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THE INTERTRIAL INTERVAL IN CLASSICAL 
CONDITIONING? 


WILLIAM F. PROKASY anp FRANCIS L. WHALEY 


Pennsylvania State University 


The purpose of the present paper is 
to examine more closely the adequacy 
of the construct of response-produced 
inhibition as an explanatory principle 
for the common observation that 
performance under distributed trial 
conditions is superior to that under 
massed trial conditions. The prin- 
ciple is most concisely stated as 
Hull’s (1952) Postulate IX: 


Whenever a reaction (R) is evoked from 
an organism there is left an increment of 
primary negative drive (Ir) which inhibits 
to a degree according to its magnitude the 
reaction potential (sEg) to that response. 
With the passage of time since its formation, 
Tr spontaneously dissipates approximately 
as a simple decay function of the time (Z) 
elapsed . . . (p, 9). 


One way in which this postulate can 
be tested is to compare the perform- 
ance of independent groups of Ss, 
each of which is conditioned with a 
different average intertrial interval. 
Three such studies (Baron, 1952; 
Prokasy, Grant, & Myers, 1958; 
Spence & Norris, 1950) have uni- 
formly reported that response fre- 
quency in the classical eyeblink condi- 
tioning situation is Positively related 
to the duration of intertrial interval, 

An alternative test, employed in 
this study, can be effected by assessing 
response probability following indi- 
vidual intertrial intervals, with con- 
trols provided to balance out cumula- 
tive effects of the hypothesized inhibi- 
tion. By training Ss in a classical 
conditioning situation to frequency 
asymptote and employing extensive, 

1 This research was supported by a Na- 


tional Science Foundation grant (G-7463) to 
the senior author, 


balanced (but unpredictable) orders 
of intertrial intervals, it is possible 
to regroup the data of each S by 
separately evaluating response prob- 
ability following each of the intervals 
employed. If Postulate IX is correct, 
response probability should increase 
as a function of the length of the 
specific interval separating trials. 


METHOD 


Apparatus—The eyeblink conditioning 
apparatus employed was similar to that 
developed at the University of Iowa (Spence, 
1953), as modified at the University of Wis- 
consin and described in Hansche and Grant 
(1960) and Prokasy, Grant, and Myers 
(1958). Eyelid movements were converted 
to changes in resistance by means of a piano 
wire attached to S's right eyelid which in 
turn rotated the shaft of a microtorque 
potentiometer. Resistance changes from the 
potentiometer were electronically amplified 
and differentiated with both the response 
and its first time derivative recorded on a 
capillary pen ink-writing system with a paper 
drive operated at the rate of 150 mm/sec. 

The Ss were seated in a 3 X 54 ft. room, 
facing a rectangular cubicle (34 X 34 X 28 
in. deep) situated 31 in, above the floor. On 
the base of this cubicle facing S was a rec- 
tangular box, upon which were mounted two 
milk-white discs of 3 in. diameter. These 
were centered in the upper and lower halves 
of the CS box, with a signal light midway 
between them. Behind each milk-white disc 
was a 7-w. bulb, either of which could be 
employed as a CS. In this study only the 
upper light served in this capacity. The 
cubicle walls in S's view were painted white, 
and were lighted by a 20-w. fluorescent lamp 
which was located out of S's line of vision. 
This minimized the prospect of sensitized 
eta responses (Grant & Norris, 1947). 
The UCS, a puff of nitrogen, was delivered 
to the right cornea through a 5-mm. (inside 
diameter) glass jet. 

The durations of CS and UCS signals were 
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controlled by Hunter-Brown interval timers. 
Trials were administered automatically by 
means of a taped program and a Western 
Union teletype transmitter. This permitted 
control of intertrial interval to within .25 
sec. 

Subjects —The Ss were 13 male students 
between the ages of 18 and 22 yr. They were 
volunteers from introductory psychology 
courses at Pennsylvania State University, 
and received course credit for their services. 
One of the 13 was terminated due to his 
failure to condition, apparently because of 
insensitivity to the puff stimulation. 

Procedure.—Selected for investigation were 
the six intertrial intervals of 5, 10, 15, 20, 
25, and 30 sec. These were chosen because 
prior data (Prokasy et al., 1958; Spence & 
Norris, 1950) indicated that performance 
differences were quite marked in the region 
of 15 to 30 sec. 

Each S was given 97 reinforced trials in 
each of seven conditioning sessions. The 
first session was considered as a pretraining 
session, designed to bring S to asymptote. 
The remaining six sessions were test sessions, 
but data of only the final 78 trials in each of 
the test sessions were employed for analysis. 
By omitting the data of the first 19 test 
trials, the effects of any kind of recovery 
or regression were minimized. Thus, each S 
received a total of 679 trials, of which 468 
were test trials employed for analysis. 

In all sessions, including pretraining, all 
six intertrial intervals were administered in a 
predetermined, unpredictable order, with the 
restriction that there be a total of 16 trials 
following each interval length. (Note that 
this totals 96 intervals, which separate the 
97 trials.) While the pretraining interval 
order was identical for all Ss, a different order 
of intertrial intervals was administered for 
each of the six test sessions. Six different 
test-trial orders were employed, and were 
assigned to Ss in a latin square design over 
the 6 test days. Thus, the overall design was 
a latin square with 2 Ss in each of the six 
sequences of intertrial interval order. The 
only purpose in employing different sequences 
was the added assurance of being able to 
detect the existence, if any, of sequence- 
specific results. 

The 78 test trials (i.e., those trials follow- 
ing the 78 test intervals) were ordered in such 
a way that each intertrial interval appeared 
13 times, and that each of these intervals was 
preceded twice by all other intervals (includ- 
ing itself), during the session. This balancing 
was exercised in order to permit the assess- 
ment of possible residual effects from two 
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trials preceding the test trial The net result 
was that, for each S, data pooled for the six 
test sessions provided a total of 78 trials 
immediately following each of the six inter- 
trial intervals and 72 trials following each of 
the six intervals when they were two intervals 
prior to that trial.* 

The CS was a brightness change of 3.8 to 
190 mL. lasting 500 msec. The UCS, 50 
msec. in duration, was directed at the right 
cornea from a distance of } to }in., and flowed 
at the rate of 2 liters/min. (This rate was 
changed during the pretraining session for 
1 S to a level of 2.75 liters/min, due to 
initial insensitivity.) The timed interstimulus 
interval was 470 msec., though the effective 
interstimulus interval was approximately 
500 msec. This was determined by recording 
the transit time of the puff, approximately 
30 msec. Because the six intertrial intervals 
were employed an equal number of times, 
the average intertrial interval was 17.5: sec: 

Instructions were read to S at the begin- 
ning of the pretraining session. He was 
informed that he would experience two kinds 
of stimuli, a puff of air and a flash of light, 
and was instructed not to try to control his 
responses in any way. It was stressed that he 
should keep the CS panel in view at all times. 
Subsequent to the first day, instructions were 
not read, but Ss were reminded, informally, 
of these instructions before each session. Due 
to difficulties in scheduling Ss, it was not 
possible to run them on 7 consecutive days, 
though rarely was there a break between 
sessions of longer than 3 or 4 days. 

Pen deflections of 4 mm. or greater were 
recorded as responses. While all responses 


2 The particular sequence is obtained easily 
by treating intertrial intervals as elements 
ina matrix. Forma symmetric 6 X 6 matrix 
with each row possessing all 6 elements. This 
will, when strung in a line, yield a system 
whereby each element is preceded by all 
other elements at least once. To insure that 
each element is preceded by itself requires 
the addition of, as a minimum, 3 elements 
prior to the appropriate rows, yielding a total 
of 39 elements. Perform the operation a 
second time and put the two strings together 
for a total of 78 elements. 

3 This differential comes about because 
certain intertrial intervals are employed in 
such a way that over the 6 test days there 
are six pairs of intertrial interval which 
constitute “extra” pairings. For purposes of 
analysis, the number of possible pairings had 
to be equal, hence, these “extras” were 
sampled out of the analysis. 
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TABLE 1 


FREQUENCY OF RESPONSE FOR S DS As A 
FUNCTION or Test DAY AND 
INTERTRIAL INTERVAL 


Intertrial Interval 


12 
12 11 10 | 12 8 11 


were recorded, only the first response in the 
latency interval of 200 to 500 msec. was 
counted asa CR. The time derivative of the 
response was used as a more precise index 
of response latency. To insure that apparatus 
cues were not available to S, a masking noise 
of 80 db., presented through earphones, was 
on continuously during each session, 


RESULTS 


As a check for any unanticipated 
results inherent in test sequences over 
days, or for overall changes as a 
function of days, the total number of 
responses on each session was ob- 
tained for all Ss and was employed 
as the dependent variable in an 
analysis of variance of the latin 
square design. 

Based upon a residual variance of 
484.11, the F ratios for day (F = 1; 
df = 5/30), sequence of intertrial 
interval orders (F = 1.77; df = 5/30), 
and intertrial interval order (F = 07; 
df = 5/30) were not significant. As 
anticipated, individual differences were 
significant (F=2.87; df=6/30). Be- 
cause the overall 6 X 6 square was 
replicated, an assessment of square 
uniqueness was possible, and proved 
not to be significant (F= 1.39; 
df = 20/30). This result tends to 
confirm the assumption that those 
interactions, presumed to be negligible 
when latin Square designs are em- 


ployed, were negligible (Gourlay, 
1955). F 


WILLIAM F. PROKASY AND FRANCIS L. WHALEY 


The basic analyses were performed 
on individual $ data. In assessing 
the effects of intertrial interval on 
probability of response, a 6 X 6 ma- 
trix was formed. One dimension was 
sessions (confounded with specific 
intertrial interval order sequences) 
and the other dimension was inter- 
trial interval. For purposes of illus- 
tration, a matrix of data for 1 S 
is provided in Table 1. An analysis 
of variance of response frequency as 
affected by sessions and intertrial 
interval was performed on such a 
matrix for each S separately. Be- 
cause only a single value is present 
in each of the matrix cells, the error 
term employed was the interaction 
between session and intertrial interval. 
It was assumed, therefore, that this 
interaction effect was negligible, and 
to the extent that this assumption 
is not met the tests are conservative 
(Eisenhart, 1947). 

The main effect of intertrial interval 
is significant for only 2 of the 12 Ss. 
The data for all 12 are depicted in 
Fig. 1, those Ss for whom the effect 
is significant being so indicated. 
Of immediate concern is the series 
of solid lines. Aside from two cases, 
the most striking feature is the zero 
slope of response frequency as a 
function of intertrial interval. This 
is a totally unanticipated result and 
it provides, insofar as negative results 
can be so interpreted, disconfirmation 
of the response produced inhibition 
hypothesis. 

The results for the S (DW) whose 
data indicate a decreased response 
frequency as a function of intertrial 
interval are interpretable. This S 
had a tendency to doze momentarily 
between some trials during the last 
several minutes of the sessions. Sub- 
sequent examination of the records 
revealed that this was selective with 
the longer intervals, He was the only 
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Fic. 1. Response frequency as a function of intertrial interval for each individual S. 
(Solid lines represent frequency following the immediate intertrial interval, dashed lines repre- 


sent frequency on Trial as a function of the interval preceding Trial n-1. 


Immediate inter- 


trial interval effects are significant for Ss M and DW.) 


S in whom such behavior occurred. 
The second S (M) for whom the 
intertrial interval variable is signifi- 
cant was not consistent in his respond- 
ing across this variable. We prefer to 
think that this is an instance of a 
Type I error. 

The dashed line for each S in Fig. 1 
depicts response frequency as a func- 
tion of the intertrial interval pre- 
ceding the interval immediately ahead 
of the test trial. Departure from 
slope zero would show residual after- 
effects of the trial presented two 
trials before the test trial, and in no 
case was there significant departure. 

‘An alternative index of cumulative 
effects was obtained by comparing 
response frequency following two suc- 
cessive 5-sec. intertrial intervals (5, 5) 
with response frequency following 
two successive 30-sec. intertrial inter- 


vals (30, 30). Of the 12 Ss, 3 re- 
sponded equally often following the 
30, 30 and 5, 5 conditions, 1 responded 
more frequently following 30, 30, and 
8 responded more frequently follow- 
ing 5, 5. Aside from ties, the likeli- 
hood by chance of 8 or more of 9 Ss 
manifesting higher response frequen- 
cies to the same of two alternatives 
is .039 by a two tailed binomial test. 
This trend is in a direction opposite 
to that which would be predicted 
from the hypothesis of response- 
produced inhibition. 

Analyses of response frequency as a 
function of days did not provide 
such unambiguous results. In 5 of 
the 12 Ss, frequency varied signifi- 
cantly over days. In 2 cases, trends 
were manifest and explicable. In if 
of these, response frequency decreased 
systematically, accompanied by an 
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obvious decline in responsiveness to 
the UCS. In the other case, the S 
was one for whom UCS intensity was 
raised late in the pretraining series. 
As a result, the total number of re- 
sponses on the first test day was 
depressed relative to those that fol- 
lowed, and this depression was suf- 
ficient to affect significantly the F 
ratio of days. For the remaining 3 
Ss whose performance over days was 
not constant, no systematic trends 
were observed, be noted, 
however, that the likelihood of sig- 
nificant effects over days is increased 
because Æ, test day, test sequence, 
and time of day were confounded in 
this comparison, 


Discussion 
the present method permitted 


Because t 
4 test of Hull's Postulate IX with a range 
of intervals already established 
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ployed. Should further research verily 
this, the causative agent of the com 
monly observed massed-distributed ef- 
fects would be anything but apparent, 


SUMMARY 


Twelve Ss were given extensive training 
in the classical eyeblink conditioning situa- 
tion, where the main independent variable was 
the intertrial intervals of 5, 10, 15, 20, 25, and 
30 sec. interspersed in an unpredictable order 
through the entire training series Pooling 
the data of trials following each interval 
separately, it was found that response probe 
ability was not differentially affected by the 
immediate intertrial interval. Such results 
are incompatible with the hypothesis that 
fesponse-produced inhibition accounts for 
the massed-spaced effects observed in earlier 
conditioning studies, 
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MEDIATION IN PAIRED-ASSOCIATE LEARNING 


NAN E, McGEHEE 
Northwestern University 


Russell and Storms (1955) have 
shown that language habits inferred 
from frec-association norms are pre- 
sumably capable of mediating the 
learning of verbal paired associates, 
Their Ss learned to associate a word 
(B) with a nonsense syllable (A) in 
learning the first of two lists. The 
response unit B was the first word of 
an associative-chain (B-C-D) inferred 
from the norms, Following A-B 
learning, Ss learned a test list con- 
sisting of A-D and A-X pairs The 
A-D pairs were learned significantly 
faster than the A-X control pairs. 
However, as Russell and Storms 
(1955) hasten to point out, “The mere 
demonstration of mediational influ- 
ences in learning , » - does not cx: 
plain how the effect is achieved’ 
(p. 292). One main purpose of the 
present experiments was to attempt 
to provide this explanation for the 
above situation, 

As pointed out recently (Under 
wood & Schulz, 1960), it is analytically 

verbal learning 


phase consists of a response-acquini- 
tion or response- where S 
is concerned with or 

the response units per se. 

phase, the associative phase, involves 
learning to associate the response units 


erpretation 
Russell and Storms (1955) result has 
been the one that the associative 
phase of test-list was 
facilitated via the 
chains linking the A and D items of 
the respective pairs. An alternative 
interpretation, made apparent by the 
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two-phase conception, is that facilita- 
tion occurred because the B 


of 
tated when the availability of the 
units was enhanced by 
(Underwood, 


tion 
facili 


determine, in somewhat more absolute 
terms, the amount of 
which results from mediation in this 
situation. 

The third purpose of 


ing them with a design consisting of 
independent random groups and homo- 
geneous lists as well as including Ss 
of both sexes, 

The results of Exp. | failed to 


ss 
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support theZavailability hypothesis. 
However, for reasons too lengthy to 
detail here, we remained skeptical as 
to whether the failure of the avail- 
ability hypothesis necessarily implied 
that mediation had taken place via 
specific associative chains. There- 
fore, Exp. II was undertaken to inves- 
tigate the matter further. Namely, 
if there is specific linkage, then a test 
list in which the A and D items are 
inappropriately paired (i.e., the ana- 
logue of the SRi, S-R, paradigm 
of conventional transfer terminology) 
should be more difficult to learn than 
the nonmediated test list. Put an- 
other way, there should be mediated 
interference. Indeed, Norcross and 
Spiker (1958) have demonstrated just 
such mediated interference for asso- 
ciative links acquired entirely in the 
laboratory. In Exp. II an attempt 
was made to demonstrate mediated 
interference in the present situation. 

A second purpose of Exp. II was 
that of determining the “criticalness”’ 
of the free-association norms as pre- 
dictors of the mediation effects ob- 
tained in Exp. I. That is, while the 
B and D items were selected so as to 
minimize the Possibility of a direct 
free-associative link between them, 
the method of selection did not 
preclude the possibility of a meaning- 
ful relationship between these items 
(e.g., Thief-Take, Wish-Need, etc.). 
Similarly, it did not Prevent the occur- 
rence of interlist relationships between 
response units in terms of formal 
similarity (e.g., Smell-Stem, Memory- 
Matter, etc.). Hence, if the interlist 
relationships between response units, 
along dimensions not Predictable from 
free-association norms, were stronger 
in the mediated condition than in the 
nonmediated Condition, then the in- 
terpretation of the superior perform- 
ance in the mediated condition would 
require revision. Therefore, Exp. II 
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included a condition in which the 
first and test lists were learned in 
reverse order (A-D, A-B). The logic 
of this arrangement is based on the 
assumption that the associative link- 
age defined by the free-association 
norms is unidirectional (i.e., B-C-D, 
but not D-C-B). Thus, making A-D 
the first list and A-B the test list, 
should reduce substantially, or even 
eliminate, the facilitation presumed 
to be mediated by habits inferred 
from free-association norms. Con- 
trariwise, a relationship between B 
and D based on interlist response 
similarity should be unaffected by the 
reversal of the lists because it would 
be expected to be a bidirectional 
relationship. Storms (1958) has pro- 
posed and tested a similar hypothesis 
for a situation involving a single 
mediating term. He found clear 
evidence for bidirectionality with 
normatively unidirectional materials. 


METHOD 


Lists: Exp. I—The relationships between 
first and test lists define the conditions of 
Exp. I, and are summarized in Table 1. The 
first-list designations shown in Table 1 will 
be used as abbreviations in subsequent refer- 
ences to the various conditions (e.g., the 
mediated condition will be called Cond. A2-B, 
the nonmediated condition will be Cond. 
A2-X, etc.). 

The stimulus designations A1 and A2 are 
used to distinguish between the two sets of 
10 nonsense syllables required by the design 
of Exp. I. The syllables were selected so that 
inter- and intralist similarity would be at a 
minimum. Their association values ranged 
from 0% to 27% according to Glaze (Under- 
wood & Schulz, 1960, Appendix A), In 
minimizing similarity it was impossible, with 
one exception, to retain the syllables used by 
Russell and Storms, 

The B, D, and X Tesponse units were the 
Same words as those used by Russell and 
Storms (1955) and are shown in Table 3 of 
their article (p, 290). The details regarding 
the selection of these words may also be found 
there, In brief, C was the most frequent 
free-association response to B, and D the most 
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TABLE 1 
RELATIONSHIPS BETWEEN FIRST AND TEST Lists DEFINING Conpitions or Exe. I 
Condition First List | Mediation | Test List Inferred Action 
B>C 
Mediated A2-B B-C-D A2-D A -- S 
XYZ 
Nonmediated A2-X X-Y-Z A2-D A2------- D 
? 
Availability A1-B B-C-D A2-D Al------- D 
? 
Practice c Kh all EK a 
ractice control AI-X X-Y-Z A2-D A2------- D 


frequent free-associate of C, but D was not 
among the 10 most frequent responses to B, 
e.g., B (Trouble), C (Bad), D (Good). The 
members of the X-Y-Z chain are related to 
one another in the same manner as the 
members of the B-C-D chain; however, the 
members of the two respective chains were 
not related, and must not be related, to each 
other. Each list consisted of 10 paired 
associates. 

Conditions A2-B and A2-X correspond to 
Russell and Storms’ (1955) chained (A-D) 
and unchained (A-X) conditions, respectively. 
The availability hypothesis would be sup- 
ported if test-list performance in Cond. A1-B 
is superior to that in Cond. A1-X. Similarly, 
comparison of A2-B with A1-X will determine 
if absolute positive transfer resulted from 
mediation. 

Lists: Exp. II.—Conditions A2-B and 
A2-X of Exp. 1 were replicated. The lists 
of Cond. A2-D were the same as those of 
Cond. A2-B in Table 1 except that A2-D 
was the first list and A2-B the test list. 
Condition A2-Br is most easily described as 
follows. Let A1-B;, Ao-Ba, etc. represent the 
syllable-word pairings of the first list. Simi- 
larly, Bı is the beginning of the free-associa- 
tion chain B;-C:-D;. The test list represents 
a random re-pairing of the respective A and 
D items: A:-D4, As-Dio, As-D1, ete. This 
test list was List A2-D—the same one used in 
Exp. I and in Cond. A2-B and A2-X of this 
study. 

Mediated interference will be demonstrated 
if performance in Cond. A2-Br is inferior to 
that in Cond. A2-X. If mediation in these 
materials is unidirectional, performance in 
Cond. A2-D and A2-X should not differ. 

Procedure: Exp. I and I[.—Each S$ was 


read standard instructions for paired-asso- 
ciate learning prior to learning the first list. 
This list was then learned to a criterion of 
three consecutive errorless recitations, Fol- 
lowing the completion of first-list learning all 
Ss rested for 4 min. After brief instructions 
to proceed as before, Ss were presented the 
test list for 10 anticipation trials. For those 
Ss not reaching a criterion of one errorless 
recitation during the first 10 trials, test-list 
acquisition was continued until this criterion 
was reached. The lists were presented on a 
memory drum at a 2:2-sec. rate with a 4-sec, 
intertrial interval. The 10 pairs in each list 


were presented fi 


in five random orders to 
prevent serial learning of the response units. 
The experimental session was limited to 50 
min, for all Ss. 

Subjects —The Ss, Northwestern Univer- 
sity undergraduates, were randomly assigned 
to conditions, with 30 and 24 Ss per condition 
in Exp. I and II, respectively. The Ss were 
naive with respect to the materials used, 
although most of them had served in other 


verbal learning experiments prior to their 
present service. 


When an S did not complete 
the experiment he was replaced by the next 
S appearing at the laboratory. There was 
no relationship between failure to complete 
the experiment and conditions. 


RESULTS AND Discuss10ON 


First-list acquisition: Exp. I and 
[I.—Performance, in terms of mean 
number of trials to reach the criterion 
of three consecutive perfect recita- 
tions, did not differ significantly 
under the four respective conditions 


MEAN CORRECT RESPONSES 


' 23 45 67 8 9 10 
TRIALS 


Fic. 1. Test-list performance in Exp, I 
as a function of various relationships between 
the stimulus and response units of the first 
and test lists. (See text for a complete 
description of these relationships.) 


of either experiment (Exp. I: F=1.77, 
P > 10; Exp. II: F < 1). In Exp. | 
the means were 18.33, 19.23, 18.90, 
and 15.43 for Cond. A2-B, A2-X, 
A1-B, and A1-X, respectively. The 
respective means for Cond. A2-B, 
A2-D, A2-X, and A2-Br of Exp. lI 
were 13.62, 14.75, 14.71, and 15.87. 
The comparable difficulty of Lists 
A2-B and A2-D as first lists permits 
direct comparisons of test-list per- 
formance under Cond. A2-D with 
the other conditions of Exp. II, since 
the test list for this condition was 
List A2-B while List A2-D served 
as test list for the other conditions. 

Test-list acquisition: Exp. I.—Test 
list performance is shown in Fig. 1. 
lt is apparent from Fig. 1 that per- 
formance under Cond. A2-B, A1-B, 
and A1-X was essentially equivalent, 
Performance under Cond. A2-X was 
consistently inferior to performance 
under the other three conditions. 
The mean total number of correct 
PaP during Trials 1-10 was 
8.23, 


respectively, 
these means ranged from 1.64 to 2575) 
The only reliable (P <.01) differ- 
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ences among these means are those 
involving a comparison between Cond. 
A2-X and each of the other three 
conditions. The results for mean 
number of trials to reach the criterion 
of one perfect recitation were in 
complete agreement with those for 
total correct responses. 


From these results it seems clear that 
Russell and Storms’ (1955) findings were 
reliable and of some generality. The 
significantly (t = 3.79, P < -01) superior 
performance under mediated as con- 
trasted with nonmediated conditions in 
the present study represents a reproduc- 
tion of their results. The interlist rela- 
tionship in these two conditions—S,-Rj, 
Si-Re—is such that negative transfer 
would ordinarily be expected. Hence, 
the failure to find negative transfer 
under the mediated condition and the 
Presence of a substantial amount of 
negative transfer in the nonmediated 
condition indicates that the inhibitory 
effects of the interlist relationship were 
somehow overcome in the mediated 
condition. However, comparison of per- 
formance under mediated and practice- 
control conditions makes it clear that the 
facilitation produced by mediation was 
not of sufficient magnitude to produce 
absolute positive transfer (see Fig. 1). r 

Finally, it is apparent that the avail- 
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Fic. 2. Test-list performance in Exp. II 


as a function of various relationships between 

the stimulus and response units of the first $ 
and test lists, (See text for a complete Í 
description of these relationships.) f 
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ability hypothesis was not supported by 
the results of the present study. Thatis, 
had the availability of the D units of 
the test list in Cond. A1-B been enhanced 
during first-list acquisition, then test- 
list performance under Cond, A1-B 
should have been superior to performance 
under Cond. A1-X. As can be seen from 
Fig. 1, it was not. Moreover, an analysis 
of overt errors failed to adduce any 
evidence indicating enhanced response 
availability in Cond. A1-B. Therefore, 
mediation effects, at least in the present 
situation, cannot be attributed to facilita- 
tion of the response-recall phase of test- 
list acquisition via enhanced response 
availability. 


Test-list acquisition: Exp. II.—The 
performance on the test list for Trials 
1-10 is shown in Fig. 2. The means 
for the total number of correct re- 
sponses over the 10 trials were 83.04, 
66.37, 71.62, and 61.54 for Cond. 
A2-B, A2-X, A2-D, and A2-Br, respec- 
tively. The standard error of these 
means ranged from 1.75 to p57) “The 
overall differences among means are 
highly reliable (F = 10.55, iP 01); 

Significant (¢ = 5.12, P < .01) su- 
periority of performance in Cond. 
A2-B over Cond. A2-X again repli- 
cates Russell and Storms’ (1955) 
results along with those of Exp. I. 

As can be seen from Fig. 2, per- 
formance was initially comparable in 
Cond. A2-X and A2-Br, but after 
Trial 3 the curves diverge with 
performance under Cond. A2-X re- 
maining consistently superior on 
Trials 4 through 10. The conditions 
did not differ significantly (¢ = 1.45, 
P > .10) in terms of total correct 
over Trials 1-10. However, the dif- 
ference in mean performance is clearly 
in the expected direction. Further- 
more, consistent with the divergence 
in the curves of Fig. 2 for these con- 
ditions, the means for the number of 
trials to reach the criterion of one 
perfect recitation were 8.92 for Cond. 
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A2-X and 11.87 for Cond. A2-Br. 
This difference in trials to reach 
criterion is highly significant (¢=2.65, 
P <.01). It appears justifiable to 
conclude that mediated interference 
has been demonstrated in Cond. 
A2-Br. This result agrees with the 
one obtained by Norcross and Spiker 
(1958) with associative chains learned 
in the laboratory. 

Inspection of Fig. 2 reveals a trend 
toward slightly better performance, 
at least initially, in Cond. A2-D than 
in Cond. A2-X. However, when the 
means for total correct on the 10 
test-list trials for Cond. A2-D and 
A2-X were compared they failed to 
differ significantly (¢=1.61, P>.10). 
Indeed, in terms of mean trials to 
criterion Cond. A2-D was slightly 
inferior to Cond. A2-X. Further- 
more, performance under Cond, A2-D 
was reliably poorer (t=3.51, P<.01) 
than under Cond. A2-B. 


Thus interlist response similarity along 
dimensions not predictable from free- 
association norms does not appear to be 
a major contributor to the facilitation 
of test-list performance in the present 
situation. This result appears to con- 
flict with the one described earlier, which 
Storms (1958) obtained. However, 
it should be recalled that his situation 
differed from the present one in that it 
involved only a single mediating term in 
contrast to the present two term mediat- 
ing link. Perhaps, the potency of the 
“recency” effect to which he attributes 
his results varies inversely with the 
length of mediating chain. If this is the 
case, the present contradiction would 
be resolved easily. 

In short, the results of Exp. I and II 
seem to provide fairly conclusive evi- 
dence that mediation in the Russell and 
Storms (1955) situation can be explained 
in terms of the facilitation of the associa- 
tive phase of test-list acquisition via 
specific unidirectional associative chains 
linking the respective A and D items of 
the test-list pairs. Moreover, this inter- 
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list response relationship is associated 
with previously acquired language habits 
reflected by free-association norms. 


SUMMARY 


Two experiments were conducted to 
determine, among other things, how language 
habits inferred from free-association norms 
might mediate the learning of verbal paired 
associates in the Russell and Storms’ (1955) 
situation, Their general procedure was 
replicated except that independent random 
groups and homogeneous lists as well as Ss 
of both sexes were used, The interlist rela- 
tionship between the stimulus syllables and 
response words of the first and test lists were 
appropriately varied to define the various 
conditions under which the 216 Ss of the 
present experiments learned the 10-item lists 
on a memory drum at a 2:2-sec. rate, 

From the results it was concluded that: 
(a) The response-recall phase of test-list 
acquisition is not facilitated in the mediated 
condition. (b) Mediated interference can be 
produced with the Russell and Storms’ (1955) 
materials, (©) Under the mediated condition, 
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the respective pairs. (d) The free-association 
norms are “critical” in defining these associa- 
tive chains. (e) Russell and Storms’ (1955) 
results are reproducible and of considerable 
generality even though the facilitation pro- 
duced by mediation does not result in absolute 
positive transfer, 
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STUDIES OF DISTRIBUTED PRACTICE: XXI. EFFECT OF 
INTERFERENCE FROM LANGUAGE HABITS! 


BENTON J. UNDERWOOD 


Northwestern University 


The last report in this series (Under- 
wood & Schulz, 1961) indicated that 
when distributed practice facilitates 
acquisition of paired-associate lists 
it does so as a consequence of inter- 
ference occurring during the response- 
integration phase of learning. The 
interference was produced by having 
Ss learn lists containing elements 
which subsequently interfered with 
the response learning of the critical 
or test list. The present experiments 
continue the exploration of the inter- 
action between intertrial interval and 
interference in verbal learning. How- 
ever, the interference introduced into 
the lists results primarily from lan- 
guage habits brought to the labora- 
tory by Ss. Two types of experiments 
will be reported, distinguished by the 
locus of the interference. In the 
first type, interference is localized in 
the response terms and is presumed 
to hinder the acquisition of responses 
as such. In the second type, familiar 
words are used so that there should 
be no problem of response integration. 
Rather, the interference comes about 
as S attempts to attach particular 
responses to particular stimuli. If 
the previous findings are generalizable, 
facilitation by distributed practice 
may be expected with some level of 
interference as produced by the first 
type of experiment, but no facilitation 
should be expected in the second type 
of experiment. 

1This work was done under Contract 
Nonr-1228(15), Project 154-057, between 
Northwestern University and the Office of 
Naval Research. We are grateful to Geoffrey 
Keppel, who supervised the gathering of the 
data, 
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METHOD 


Three experiments will be reported, The 
procedures common to all experiments are as 
follows: (a) For distributed practice (DP) the 
intertrial interval was introduced after each 
trial and was always 30 sec, in length, Sym- 
bol cancellation was used to fill this interval. 
For massed practice (MP) the intertrial 
interval was 4 sec. (b) All lists were paired- 
associate lists, The rate of presentation was 
2 sec, for the stimulus alone (anticipation 
learning), and 2 sec. for the stimulus and 
response together, Four different orders of 
presenting the lists on the memory drum 
were employed. (e) In a given experiment, 
no S served in more than one condition. 
Most Ss, all undergraduate students at 
Northwestern University, were naive to 
formal verbal-learning experiments; if not, 
S was used only if the materials learned 
previously could not, in our judgment, inter- 
fere with the materials to be learned in the 
present experiments, (d) For each experi- 
ment a randomized order of conditions was 
made up and Ss were assigned to this order 
as they appeared at the laboratory. (e) All 
lists were presented for a constant number 
of trials with Ss instructed to give as many 
correct responses as possible on each trial, 

Experiment I.—Three sets of eight trigrams 
were made up such that the average associa- 
tive connection between letters may be spoken 
of as low, medium, and high. The associative 
connection was determined from the Under- 
wood-Schulz (1960) tables. Within each set 
of eight trigrams formal intralist similarity 
was zero in that no letters were repeated. 
These trigrams were used as response terms 
with single-digit numbers as stimuli. Since 
each list was presented under MP and under 
DP, six groups of Ss were required. Each 
of these groups consisted of 28 Ss; all were 
given 20 anticipation trials, 

Experiment TI. —Two sets of eight bigrams 
each were constructed so that the average 
associative connection between the two 
letters for one list was low, for the other, 
high. The bigrams having low integration 
were: EY, CF, XV, DS, QW, JH, MK, and 
RZ. The bigrams having high integration 
were: MN, RA, CO, QU, XY, ET, JK, and 
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TABLE 1 
PAIRED-AssocIATE Lists Usen rn Exp. III 


List 1 List 2 
CRUISER-HEAD HEAD-MEASLES 
EMERALD-WALL BUS-MUMPS 


BLUE-COTTON KNIFE-POLIO 


List 4 List 5 

BOB-NITROGEN 
BILL-SPARROW. 
JOE-GERMANY 


ROB-ME. 


THEFT-BEE JOHN-CANCER JOHN-CANCER 

DOCTOR-BUS WALL-RUSSIA COW-WALL COW-BLUEJAY 
DOG-FRANCE DOG-FRANCE DOG-FRANCE 
TROUT-ENGLAND CAT-TROUT CAT-HYDROGEN 

GASOLINE-MAPLE, DAISY-GERMANY HORSE-DAISY HORSE-POLIO 


WALTZ-OXYGEN 
WINE-GEOLOGY 
TRUMPET-KNIFE 
APPLE-TROUT. 


COTTON-BLUEJAY 
MAPLE-CANARY 
GEOLOGY-SFARROW 
PRIEST-ROBIN 


HAT-SECOND 
JOHN-CANCER 
FOOTBALL-DAtsy 
PRIEST-ROBIN 


BEE-NITROGEN 
TABLE-HYDROGEN. 
WALTZ-OXYGEN 
SECOND-SULPHUR 


RARBI-COTTON 
BISHOP-MAPLE 
MINISTER-GEOLOGY 
PRIEST-ROBIN 


RHUMBA-B! 


RABBI-MEASLES 
BISHOP-RUSSIA 
MINISTER-SPARROW MINISTER-SULPHUR 
PRIEST-ROBIN PRIEST-ROBIN 


RHUMBA: RHUMBA-MUMPS. 
FOXTROT FOXTROT-ENGLAND 
WALTZ-0: WALTZ-OXYGEN 
TANGO-SULPHUR TANGO-CANARY 


DI. Single-digit numbers were again used 
as stimulus terms and acquisition was carried 
for 15 trials. Four groups of 15 Ss were 
employed (MP and DP for each list). Sub- 
sequently, a partial replication was carried 
out by adding 15 Ss to the two groups assigned 
the low-integrated list. 

Experiment ITI—The above two experi- 
ments were concerned with the effects of DP 
with varying degrees of response integration. 
In Exp. ITI the responses were common words, 
These words were taken from the norms 
given by Cohen, Bousfield, and Whitmarsh 
(1957). Their Ss (a total of 400) were given 
category names under instructions to write 
down the first four instances of the category 
that occurred to them, The tables presented 
by the investigators are in terms of the fre- 
quency with which each response was given. 
For example, to the category An Article of 
Furniture, 392 of the 400 Ss gave CHAIR, 346 
TABLE, and so on. The nature of the lists 
constructed from such materials can best be 
understood by examining the lists, These 
are presented in Table 1, 

„First, attention is directed to List 2. In 
this list there are four sets of response words, 
of four each. The Sets are distinguished in 


R represent responses 
given to the category stimulus “A Disease,” 
NCE, ENGLAND, and 
to the stimulus cate- 


The 
that because these 


to a common category 
name (a common mediator), or because they 


have high associative connection among 
themselves as a consequence of cultural 
usage or as a consequence of being associated 
with a common mediator, differences in 
learning might be expected as a consequence 
of certain manipulations of these clusters. 
With these notions in mind, an examination 
of the structure of each list may be made. 

List 1. There are no clusters of words 
from the same catego! 

List 2. Four clusters of four items each 
occur on the response side, with no clusters 
among the stimulus terms. l 

List 3. The reverse of List 2. That is, 
there are four clusters among the stimulus 
terms and none among the response terms. 

List 4. Four clusters on both the stimulus 
and response side and the pairing of stimulus 
and response terms is such that all items of a 
given cluster on the stimulus side are paired 
with all items of a given cluster on the re- 
sponse side; e.g., animals are always paired 
with countries. 

List 5. Four clusters on both the stimulus 
and response sides, but the pairing is such 
that the four members of a cluster on the — 
stimulus side are paired with items from four 
different clusters on the response side. 

In presenting the lists the order of the 
pairs was essentially random and four dif- 
ferent orders were used. Each list was 
Presented for 15 trials. A total of 150 Ss was 
employed, divided into 10 groups of 15 each, 
Five groups were given the lists by DP and 
five by MP, 


RESULTS 


Experiment I—The response meas- 
ure was the mean total number of 
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correct responses given over 20 trials. 
The results are shown in Fig. 1. The 
statistical analysis shows that only 
the F for response integration was 
significant; this effect is largely pro- 
duced by differences between the 
low and medium list. The F for MP 
ys. DP was less than 1. Clearly, 
there is no evidence in these data 
that DP facilitates acquisition at any 
level of integration of these trigram 
responses. 

Experiment II.—The response meas- 
ure used was the mean total number 
of correct responses over 15 trials. 
For the bigram list with low integra- 
tion the mean number of total correct 
responses given over 15 trials under 
MP was 47.4, and under DP, 62.5. 
For the list with high integration the 
means were 88.5 for MP, and 87.3 
for DP. The F for interaction is 4.75, 
with 3.96 needed for the 5% signifi- 
cance level for 1 and 86 df. The ¢ 
between MP and DP for the list with 
low integration is 2.55 when based on 
the variance of these two groups only, 
the gaiss being 5.93. The acquisition 
curves over the 15 trials showed that 
DP was superior to MP throughout. 
Finally, it will be remembered that 
to the original 15 Ss assigned each 
group, 15 were added to the two 
groups learning the list of low inte- 
gration. For the original two groups 
assigned to this list the difference 
between MP and DP in total correct 
responses was 15.8; for the two added 
groups the difference was 14.4. We 
conclude that DP facilitates acquisi- 
tion of bigrams of low integration 
and does not facilitate a list of well- 
integrated bigrams. 

The learning of lists with response 
trigrams of low integration was not 
facilitated by a DP interval of 30 sec. ; 
the learning of bigram lists of low 
integration was facilitated. As will 
be noted later, we are inclined to 


573 


believe that there is a critical inter- 
action between degree of response 
integration and length of intertrial 
interval. However, it is possible that 
in the case of bigrams the frequency 
of second letters is the critical factor. 
Both lists of bigrams had the same 
first letters, but to obtain low associa- 
tive connection between the two 
letters the second letter must usually 
be of low frequency and to obtain 
high associative connection the second 
letter must usually be of high fre- 
quency. It is conceivable, therefore, 
that frequency of second letters is the 
critical difference between the two 
lists and not degree of integration. 
An indirect test was made of this 
notion by an experiment in which 
only single letters were used as 
response terms, one list having letters 
of low frequency (Q, Z, J, X, K, V, 
B, Y) and another having letters 
of high frequency (A, T, N, S, O, 
I, R, E). Again using single-digit: 
numbers as stimuli, the lists were 
presented under MP and under DP. 
For both lists the means were almost 
identical for MP and DP. It may be 
concluded that it is not simply the 
frequency of second letters of the 
bigrams which are critical for the 
facilitation by DP found with the 


MEAN TOTAL CORRECT RESPONSES 
x o 
ò i} 


LOW 


MEDII 
RESPONSE INTEGRATION 


Fic. 1. Paired-associate learning as a 
function of degree of response integration 
of trigrams and massed vs. distributed 
practice. 
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TABLE 2 


Means axD SDs or ToraL Correct RE- 
SPONSES IN LEARNING Lists oF Exp, 
III as A Function OF Massep 
AND DISTRIBUTED PRACTICE 


Massed Practice Distributed Practice 


List 
Mean SD Mean SD 
1 197.40 | 22.70 | 197.33 | 24.18 
2 189.80 | 29.83 | 175.27 | 32.35 
3 176.13 | 35.74 | 187.60 | 21.85 
4 157.33 | 35.47 | 143.40 | 36.24 
5 159.20 | 24.27 | 147.73 | 28.96 


list of low integration in Exp. II. 

Experiment III.—The mean total 
numbers of correct responses given 
in 15 trials are shown in Table 2. 
An analysis of variance shows that 
variance attributable to list differ- 
ences is highly significant Statistically 
(F = 13.20, df = 4/140, P < 01). 
The F for MP-DP is 1.30. Not only 
does this fall far short of significance, 
but it may be noted that the direction 
of the difference in learning tends to 
to favor MP. 

That differential interference is 
responsible for the differences in 
learning is suggested by the frequency 
of overt errors. These frequencies 
are, in general, inversely related to 
amount learned over the 15 trials 
and are not related to intertrial inter- 
val. For the MP and DP conditions 
combined, the mean numbers of 
total errors made in learning are; 
8.8, 20.5, 14.9, 47.8, and 28.0 for 
Lists 1 through 5, respectively. That 
there is not a perfect correspondence 
between number of errors and slow- 
ness in learning is apparent in two 
comparisons. Lists 2 and 3 were 
learned at about the same rate, but 
more etrors were made in learning 
List 2. The fact that more errors 
were made when the concepts were on 
the response side than when on the 
stimulus side corresponds to the 
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results of earlier studies (Underwood, 
1953) where clusters of highly similar 
adjectives were used. The second 
comparison is that between Lists 4 and 
5. Again, the rate of learning was 
approximately the same for these two 
lists but the number of errors is much 
greater for List 4 than for List 5. 
All of these differences in error fre- 
quency maintain themselves even if 
adjustments are made for differences 
in opportunity to make errors because 
of differences in learning rate. 


Discussion 


Considered in conjunction with pre- 
Vious experiments, the present three 
studies support two generalizations: (a) 
DP will facilitate acquisition only when 
interference occurs in integrating re- 
response terms, and (b) DP will not 
facilitate acquisition when interference, 
no matter how heavy, occurs in associat- 
ing the stimulus and response terms of a 
paired-associate list. Obviously the first 
generalization must be limited in the 
sense that DP will not inevitably facili- 
tate acquisition when interference occurs 
in acquiring response terms. In the 
present studies DP did not facilitate 
acquisition of trigrams at any level of 
integration; DP facilitated only the list 
of low-integrated bigrams. Clearly, a 
further narrowing of conditions under 
which DP will facilitate is required. 
Two statements will summarize our 
present position on this matter, First, 
some minimal amount of interference 
in response acquisition is necessary before 
DP will facilitate learning. Second, as 
amount of interference increases beyond 
this minimal amount, there will be a 
sharp interaction between length of the 
DP interval and the amount of inter- 
ference. More specifically, it is believed 
that the greater the amount of inter- 
ference the shorter must be the DP 
interval for facilitation to occur. The 
full elaboration of this position, along 
with some resolution of apparent con- 
tradictions to it now existing in the 
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literature, has been made elsewhere 
(Underwood, 1961). 


SUMMARY 


Three studies evaluated the influence on 
learning of the interaction between intertrial 
interval and interference. The interference in 
Exp. I and II was centered in the response 
term of paired-associate lists. Distributed 
practice consisted of 30 sec. between each 
learning trial and massed practice 4 sec. 
between each trial. The results showed that 
with two-letter responses distributed practice 
facilitated learning when interference in 
learning the response was high, but not when 
it was low. Distributed practice did not 
facilitate the learning of lists in which the 
response terms consisted of three letters and 
this was true for all levels of interference. 

Experiment III involved lists of 16 pairs 
of words in which interference was varied 
within lists by varying the stimulus-response 
relationships of clusters of words from the 
same concept categories. Although wide 
differences in learning occurred as a conse- 
quence of differential interference, no facilita- 
tion occurred by distributed practice. 

The evidence indicates that distributed 
practice will facilitate acquisition only when 
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interference obtains in response learning, and 
not when the interference occurs in stimulus- 
response learning, 
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SEMANTIC SATIATION AMONG BILINGUALS! 


LE 


N A. JAKOBOVITS asp WALLACE E. LAMBERT 


McGill University 


The phenomenon of bilingualism 
has been studied by linguists long 
before psychologists considered it of 
special interest. Weinreich (1953) in 
an exhaustive review of the literature 
on this topic reports several studies 
in which two forms of bilingualism 
have been identified. Following Os- 
good’s (1952, 1953) development of a 
theory of meaning which uses a 
mediation principle as its main con- 
cept, Ervin and Osgood (1954) have 
formulated a psychological theory of 
bilingualism which incorporates the 
linguist’s notion of two forms of 
bilingualism, accounting for the differ- 
ences in types in terms of the manner 
in which bilinguals acquire and use 
their two languages, They define a 
“compound” bilingual as one having 
two functionally dependent linguistic 
systems, in contrast to the “coordin- 
ate” bilingual who makes use of two 
functionally independent language sys- 
tems. The compounds are presumed 
to have a common mediation process 
for translated symbols in their two 
languages, while the coordinate bi- 
linguals are believed to have rela- 
tively distinct mediation processes for 
translation—equivalent symbols in 
each of their languages. Lambert, 
Havelka, and Crosby (1958) have 
provided behavioral evidence in sup- 
port of this theory, 

Lambert and Jakobovits (1960) 
have recently established a convenient 
method for measuring a particular 
type of meaning change known to 
psychologists as “verbal satiation.” 


1 This research was supported in 7 

e part by 

the Canadian Defense Research B it 
DITIT ch Board Grant 


This phenomenon can be defined as 
the decrease in the meaning of a 
linguistic symbol or sign as a result 
of its continued presentation. In their 
experiment, Ss repeated a particular 
word continuously for 15 sec. and the 
amount of change in meaning was 
determined by comparing the in- 
tensity changes of the ratings of the 
words on various scales of the seman- 
tic differential (Osgood, Suci, & 
Tannenbaum, 1957). For example, 
the rating of the word FATHER on the 
7-point “good-bad” scale would move, 
after repetition, from Position 1 on 
the scale (“extremely good”) to 
Position 4 (“neutral or meaningless”) 
when pre- and postrepetition ratings. 
were compared. This phenomenon 
was viewed as a linguistic analogue 
of reactive inhibition (Hull, 1943). 
When a word is repeated the represen- 
tational mediation process which con- 
stitutes the meaning of the word is 
continuously elicited. Theoretically, 
reactive inhibition (Zp) develops to the 
point where it suppresses or at least 
reduces the intensity of the represen- 
tational process, resulting in the 
temporary loss or reduction of the 
meaning of the word. This reduction 
in meaning (verbal or semantic satia- 
tion) is indexed on the semantic 
differential as a decrease in the inten- 
sity with which the word is rated on 
the various scales. The size of the 
reduction is indicated by a “‘polarity- 
difference” score which is considered 
to bean index of “semantic satiability.” 

Semantic satiation becomes par- 
ticularly relevant to the functional 
dependence or independence of the 
language systems of compound and 


576 


SEMANTIC SATIATION AMONG BILINGUALS 


coordinate bilinguals. When a com- 
pound bilingual continuously repeats 
a word, say HOUSE, the mediation 
process corresponding to that word 
should be suppressed, making for a 
loss of meaning of that word as well 
as the meaning of its translated 
equivalent, MAISON, since both words 
bear the same relation to the sup- 
pressed mediators. However, for 
the coordinate bilingual, translated 
“equivalents” function relatively in- 
dependently so that the cross-lin- 
guistic satiation effect (hereafter called 
cross-satiation) should not be ex- 
hibited at all or, at least, should be 
exhibited to a lesser extent than in the 
contrasting compound case. Here, 
then, is a potential differentiator be- 
tween the two types of bilinguals. 
The experiment which is described 
below has been specifically designed 
to test the validity of these theoretical 
speculations. 


METHOD 
Materials and Procedure 


The method used here to measure semantic 
satiation was essentially the same as that 
described in a previous study (Lambert & 
Jakobovits, 1960). Briefly, this procedure 
consists of rating words on the semantic 
differential under two different conditions. 
In the first, S’s normal semantic profile for 
particular words is determined by having 
him rate them on a number of semantic 
(bipolar) scales. Then, in the second or 
treatment condition, S$ is required to repeat 
rapidly a word aloud for a period of 15 sec. 
just before he gives a rating for that word. 
By comparing the semantic ratings under 
the two conditions, the amount of decrease 
in the intensity of ratings attributable to 
repetition can be determined by means of 
the polarity-difference score. 

The words (see Table 1) and scales were 
printed on 3 X 5 in. white index cards and 
placed in a Kardex folder in such a manner 
as to enable E to expose them in a predeter- 
mined randomized order. Five semantic 
scales were used in English for the English 
words and their French equivalents for the 
These were: good-bad (bon- 


French words. 
(agréable- 


mauvais), pleasant-unpleasant 
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désagréable), large-small (grand-petit), strong- 
weak (fort-faible), active-passive (actif- pas- 
sif). The S made his ratings by pointing with 
a stylus to one of the seven positions along 
each scale and his responses were recorded. 
The various treatment conditions which 
were used are described below and summarized 
in Table 1. 

Normal semantic differential —The experi- 
ment started with the determination of S’s 
semantic ratings under normal conditions for 
eight words each rated along five scales (mak- 
ing a total of 40 responses in random order). 
For example, E would expose the word 
FATHER which S pronounced aloud once; 
then E exposed a scale (e.g., good-bad) and 
S made his rating. This procedure was fol- 
lowed until all words were rated on all scales. 
These 40 ratings served as points of com- 
parison for the various treatment conditions 
described below. 

Satiation condition.—Four of the words 
rated above (two in English and two in 
French) were presented again (20 responses). 
The E first exposed a word which S repeated 
aloud for 15 sec. at a rate of about two repeti- 
tions per sec. Then E exposed a scale, a 
signal to S to stop repeating and make his 
response. 

Cross-saliation condition.—T wo other words 
among those rated under the initial normal 
condition (one in English and one in French) 
were presented again (making a total of 10 
responses). The E first exposed a word such 
as KITCHEN and S repeated it aloud for 15 see. 
Then E exposed a second word which was 
the translated equivalent word for the first, 
in this case CUISINE. The S pronounced this 
second word once, after which Æ immediately 
exposed a scale and S made his rating. The 
S had been previously instructed to “always 
make your response to the second word, not 
to the first.” By comparing the ratings under 
the present condition with those made under 
the initial normal condition, the effect of the 
repetition of its translated equivalent upon 
the semantic ratings of a particular word 
(cross-satiation) was determined. 

Different-word control condition.—Two 
other words among those rated under the 
initial normal condition were presented again. 
The E first exposed a word such as SKY 
which S repeated aloud for 15 sec. Then E 
exposed a second word in the other language 
(FLEUR) and S$ pronounced it once, after 
which E immediately exposed a scale and S 
made his response to the second word, This 
condition was therefore parallel to the cross- 
satiation condition except that the word 
repeated and the word rated did not bear the 
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TABLE 1 


SCHEMATIC REPRESENTATION OF THE PROCEDU 
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Condition 


Description 


Words Used 


Normal semantic 
differential 


Ratings given under nor- 


mal conditions. 


FATHER, COP, VIL 


HOUSE, FLEUR, 
HATE 


GARÇON, CUISINE, 


“FATHER”; 
“HOUSE”; 


Satiation 


15-sec, repetition of a word 


followed by rating of 
that word. 


FATHER, Cop, 
GARÇON, VILLE 


(FATHER): 
“PATHER" 
(GARÇON): 
“GARÇON” P 


Cross-satiation 


15-sec. repetition of a word 


followed by rating of 
its translated equiva- 
lent. 


CUISINE, HOUSE 


(KITCHEN) 
“CUISINE! 

(MAISON): 
“HOUSE” 


Different-word 
control 
(diff, language) 


15-sec. repetition of a word 


followed by rating of 
an unrelated word in 
the other language. 


FLEUR, HATE 


(sky): 
“FLEUR” 

(BATEAU): 
“HATE” 


Different-word 
control 
(same language) 


15-sec. repetition of a word 


followed by rating of 
an unrelated word in 
the same language. 


MONEY, VÉRITÉ 


” 


(PAYSAN): 
“VÉRITÉ” 


* In the examples, the words in parentheses are repeated for 15 Sec. and the words in quotation marks are r 


relationship of translated equivalents, 
were semantically unrelated words, 

condition was intended to serve as co 
for the cross-satiation condition and was 
introduced to determine the effect of the task 
of repetition per se upon the rating of another de; 


word. 


language 
(MONEY), 

The order of pr 
treatment conditio; 


varied to control for and 
of possible order and fati 


Subjects 


The Ss were a hete 
English-French bilinguals (coll 
graduate students, h 
paid for their cooperation. 
made to use “balanced” bili 
for volunteers who felt « 
in both languages,” How 


esentation of the various 
ns was systematically 

permit identification 
gue effects, 


Togeneous group of 62 
lousewives) who were 


equally proficient 
ever, to insure this 


but 
This 
ntrol 


lege students, 


An attempt was 
inguals by asking 


press a 


chronoscope meas 
A significance test 
hypothesis that balanced 
a mean differential |, 
is not significantly 
bilinguals who were 
excluded from analysis oi 
In order to determi 
coordinateness among 
information was obtaine 
cerning how, when 
Were acquired. 


he has used bo: 


basis of this 
either compo: 
results analy: 
of 30 compounds 
obtained, 


can be 


requirement, Lambert's (1955) automaticit 
measure was administered 
measure involvi 
the stems of 
an ex 


to every S. This” 
es the use of eight finger keys, 
which are differently colore 
posure apparatus which directs S 
Particular key with directio! 
appearing randomly in either language, and 
uring latency of response, 
applied to test the 
bilinguals will show 
latency of response which — 
different from zero, 4 
not balanced were 
f results, 
ne compoundness or — 
bilinguals, detailed 
d from each S con- 
, and where his languages 

The variables which have 
Lambert et al. (1958) to be 
ed as a basis for classification, — 
had learned the two languages — 
ltural setting or not, whether 
th languages interchangeably 
utside the home, etc. On the 
interview Ss were classified as 
und or coordinate, and their 
zed separately. Separate groups — 
and 32 coordinates were thus ’ 


ated, 


Two — 


i. 


l 


SEMANTIC SATIATION AMONG BILINGUALS 


RESULTS 


The initial polarity scores given in 
Table 2 were derived by totaling 
each S's ratings along the 4-point 
intensity scale and determining a 
group mean. Thus 16.67 (cross- 
satiation) is a group mean calculated 
for 10 ratings per S. Since the initial 
polarity scores could range from 0 to 
30, it will be noted that all of the 
actual scores fall near the median, 
ranging from 13,94 to 18.07. Conse- 
quently it is unlikely that these initial 
differences influenced the experimental 
treatment effects to be noted below. 

Table 2 also presents the mean 
change scores which are the differ- 
ences between initial and final polarity 
scores. For example the mean change 
for the compound group after the 
satiation treatment was —1.27 which 
indicates a change from an initial 
polarity score of 16.50 to a final 
polarity score of 15.23. 

Tests of significance are given for 
departure from zero of each group’s 
mean change, and for differences be- 
tween mean changes for the compound 
and coordinate groups on each of the 
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three conditions. (All ¢ tests quoted 
in this experiment are two tailed.) 
It can be seen that the two groups 
differ significantly from each other 
under the cross-satiation condition 
but not under the other two condi- 
tions. This finding substantiates our 
prediction that compound and co- 
ordinate bilinguals will react differ- 
ently to the cross-satiation treatment. 
We will now examine the results 
with respect to each group's behavior 
under the three different conditions. 
Satiation—The compound group 
has a negative mean which departs 
significantly from zero, whereas the 
coordinate group has a negative mean 
which fails to reach statistical sig- 
nificance. The result is ambiguous 
since there is no significant difference 
between the two groups. 
Cross-satiation—The significant 
negative mean for the compounds 
is as expected. The significant posi- 
tive mean for the coordinates was not 
anticipated. According to the original 
hypothesis, it was predicted that 
coordinates will either satiate cross- 
linguistically to a lesser extent than 
compounds or will not be affected 


LE 2 


ITY AND MEAN CHANGE IN POLARITY OVER 


THE Sum or Two WorDS AND FIVE SCALES FOR THE COMPOUND AND 
CoorDINATE GROUPS 


| Compounds Coordinates 
N =30 N =32 
it iti Initial n 
aenor Pan Mean Change ee Mean Change 
Mean | Sp | Mean | sp | ® | Mean | SD | Mean | SD | 
Satiation® 16.50 | 3.90] —1.27 | 2.74) 2.54** 15.03 | 4.96] —0.25 | 2.04] 0.69 1,64 
E 16.67 | 4.97| —3.27 | 3.23| 5.45***] 13.94 5.23] 1.16 | 2.75| 2.37** | 5.74*** 
di t-word 
eel 18.07 | 4.99) —1.30 | 3.42) 2.06** 17.47 | 4.88] 0.53 | 4.00] 0.75 | 1.89 


a} for average change in polarity Vase compounds and coordinates. 
bi ture from zero, two-tailed. f fe i 
4 for departure om zero O AES, prenen worde under this condition, the mean of ench ple was used 


to permit comparisons with the scores in the other conditions. 
*#Pp < 


et pP <0. 


580 


by the cross-satiation treatment. It 
now appears that the coordinate 
group behaves in exactly the opposite 
manner from the compounds, exhibit- 
ing a ‘‘generation’’ of meaning instead 
of satiation. 

Different-word control—The coor- 
dinate group seems to exhibit no 
systematic effect or change under 
this control condition, whereas the 
compounds have a negative mean 
which departs significantly from zero. 
However, the difference between the 
two groups does not reach statistical 
significance. 

A postexperimental interview re- 
vealed that none of the Ss were aware 
of the purpose of the experiment. 
Most of them believed that Æ was 
investigating “the differences in my 
reactions in English and French.” 
The Ss who stated that their ratings 
changed (from normal to treatment 
conditions) thought this was due to 
the fact that “I forgot what I had 
done before,” or that “I thought of 
something else the second time.” 
Only 1 S stated that his ratings 
became less extreme under repetition 
conditions (including control) and 
attributed this effect to his “con- 
fusion.” It appears, then, that the 
semantic satiation effect operates 
without explicit awareness on the 
part of S of the purposes of the experi- 
ment or of the fact that his ratings 
change in a systematic manner, 


Discusston 


Although our main prediction has been 
borne out, namely that compounds cross- 
satiate, coordinates do not, it is apparent 
from the pattern of results in Table 2 
that our original account of the effect 
of the three treatment conditions is 
incomplete and that our theoretical 
model requires extension, We shall 
formulate the following two hypotheses 
which suggest themselves from the 
present results, but which are also in 
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agreement with some other findings to 
be mentioned below. 

Hypothesis A—Bilinguals as a group 
are less susceptible to the satiation effect 
than are monolinguals. In a pilot study 
with 27 bilinguals we have used essen- 
tially the same method and procedure as 
that described in the present investiga- 
tion except that the automaticity meas- 
ure was not administered and therefore 
no statements can be made as to their 
comparative proficiency in the two 
languages. The combined mean for the 
27 bilinguals under the satiation condi- 
tion was found to be 0.16 (SD = 2.07) 
which is not significantly different from 
zero (t = 0.40). In the present study, 
when we combine the scores of both 
compounds and coordinates under the 
satiation condition (NV = 62) we obtain 
a negative mean of —0.76 (SD = 2.46) 
which is also not significantly different 
from zero (t= 0.77). These findings 
are in striking contrast with experiments 
on monolingual Ss in which a significant 
satiation effect was repeatedly obtained 
(Lambert & Jakobovits, 1960). 

Added support for this hypothesis 
comes from unpublished evidence of a 
slightly different kind. Carroll's (Carroll 
& Sapon, 1955, Test V) paired-associate 
test was administered to 18 Ss used in 
another study (see Lambert & Jakobo- 
vits, 1960) and their scores on this test 
Were correlated with their polarity-dif- 
ference scores under the semantic satia- 
tion treatment, A product-moment 
correlation coefficient of —0.66 (P <.01) 
was obtained. This finding suggests that 
efficient verbal learning (of the paired- 
associate type) depends on an ability 
to resist the semantic satiation effect. 
Bilinguals, and especially balanced bi- 
linguals, have demonstrated their skill 
in verbal learning and it is likely that 
they represent a sample of Ss who are 
low on semantic satiability. 

_ Hypothesis B—An experimental situa- 
tion in which the bilingual is required 
to switch from one language to the other 
is inefficient and inhibitory for the 
compound, facilitative for the coordinate. 

This hypothesis seems to contradict 
the position taken by Ervin and Osgood 
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(1954) who state that “theoretically, 
decoding from a foreign language should 
be facilitative for the compound system, 
since different inputs are associated with 
the same representational reactions or 
meanings” (p. 143). It seems equally 
possible, however, that the facilitation 
provided by the similarities of the media- 
tors is counteracted by the interference 
effects produced when the two languages 
are to be used separately, as in ordinary 
life situations. This is partly recognized 
by Ervin and Osgood (1954) in their 
statement that “interference is most 
likely to occur when the languages are 
closely related and the cultures and 
experiences associated with the languages 
are alike” (p. 141). It seems that in 
order to reach bilingual fluency, the 
compound must develop an inhibitory 
mechanism which would reduce the 
availability (and therefore the potential 
interference) of the second language 
while the first is being used. Then, if he 
is required to switch from one language 
to the other, he will behave less efficiently 
than when he is permitted to function 
with one or the other of his languages. 
The cross-satiation and different-word 
control conditions used in the present 
experiment represent a language switch- 
ing situation. As the compound bi- 
lingual repeats a word in one language 
(e.g., SKY), and is then presented with 
a word in the other language (FLEUR), 
the decoding of this second word will be 
inefficient, reflected as a systematic 
change toward less intense positions or 
toward the middle or meaningless point 
on the semantic scales. The coordinate 
bilingual, however, will behave more 
efficiently in the same situation since the 
two language systems are relatively 
independent and less subject to inter- 
lingual interference. It even appears 
that the switching process is facilitative, 
as indicated by the increased polariza- 
tion of the ratings under language switch- 
ing situations (i.e., different-word control 
and cross-satiation). In the case of the 
compounds, the cross-satiation treatment 
has a neutralizing effect on the meanings 
of translated equivalents, whereas for 
the coordinates the repetitive elicitation 
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of mediators in one language appears 
to “liberate” the mediators of translated 
equivalents. 

The following deductions can be made 
from the two hypotheses: (a) Since the 
cross-satiation treatment for the com- 
pounds involves both the inhibition of 
mediators as a result of their repeated 
elicitation and the inhibition of the 
decoding process of the second language, 
the negative mean under this condition 
should be greater than either the mean 
of the satiation condition or that of the 
different-word control in which only one 
effect is operating at a time. Correlated 
t tests between these three conditions 
revealed that the cross-satiation condi- 
tion has a significantly greater negative 
mean than that of the satiation condition 
(t = 2.25, P < .05) as well as that of the 
different-word control (t=3.28, P<.01), 
thus supporting the first deduction, 
Furthermore, it appears that the satia- 
tion and different-word control treat- 
ments have equal effects since the two 
means are not significantly different 
(t = 0.03). (b) Since language switching 
is facilitative for the coordinate group, 
there should be a significant difference 
between both cross-satiation and differ- 
ent-word control conditions and the 
satiation treatment (which does not 
involve language switching). Corre- 
lated £ tests show that while the difference 
between the cross-satiation and satiation 
treatments are significantly different in 
the predicted direction (t=2.14, P <.05), 
the difference between different-word 
control and satiation conditions does not 
reach an acceptable level of significance 
(f= 1.18, P< .30). The deduction is 
thus only partially confirmed. The cross- 
satiation and different-word control 
treatments seem to have equal effects 
(t = 0.68). (c) Ifa different-word con- 
trol condition is administered to the 
compounds in which the word repeated 
and the word rated are in the same 
language, no systematic effect should be 
observed. As mentioned earlier (see 
Method) the compound bilinguals were 
recalled to the laboratory about 5 
weeks after the first testing and the new 
difierent-word control condition (same 
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TABLE 3 
AVERAGE CHANGE IN POLARITY OVER THE SUM oF Two 
tae COMPOUND GROUP ON Taree DIFFERENT CONDITIONS 
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Worps ann Five Scares 


petite t's Between Conditions 
Condition 2 “oe 
Mean so o Languare | akaoa 

Different-word control 

Different language =1.29 3.48 1,93" 1.50 2.89400 
Different-word control 

Same —0.79 3.14 1.32 3.98%% 
Cross-satiation -3,14 330 | 498% | i 

RF Two Ss were not available for iis pert of the testing, 
aoe are from zero, two-tailed, 
Pr <o 
language) was administered using the REFERENCES 


same standard procedure as before. 
The results of this testing as well as 
those obtained previously with this 
froup are presented in Table 3. It can 
be seen that both types of different-word 
control conditions are significantly dif- 
ferent from the cross-satiation condition, 
but they are not significantly different 
from each other, Although the difference 
in in the predicted direction (greater 

ve mean under the different lan- 
guage control), this deduction is not 
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RESPONSE PRETRAINING; DIFFERENTIATION OR 
AVAILABILITY?! 


ELI SALTZ 
Center for the Study of Cognitive Processes, Wayne State University 


Underwood, Runquist, and Schulz 
(1959) have recently demonstrated 
that pretraining on the response 
terms of a paired-associate list facili- 
tated learning of this list. The present 
paper attempts to examine the mech- 
anisms basic to this effect and to eval- 
uate the relative efficacy of the writer's 
differentiation theory (Saltz, 1960, 
1961) as opposed to the Underwood, 
Runquist, Schulz position that re- 
sponse pretraining is effective because 
it increases the availability of the 
responses, 

Underwood, Runquist, and Schulz 
(1959) have suggested that paired- 
associate learning is a two-phase 
process. The first phase involves 
learning the relevant responses. The 
second phase involves associating 
these responses to their appropriate 
stimuli, Pretraining Ss on the rele- 
vant responses, according to Under- 
wood et al, makes the responses 
available to S and permits the asso- 
ciation phase to begin more quickly. 

The writer's position is that asso- 
ciation is not a critical factor in 
verbal learning: if S had to learn a 
single pair, learning would occur in 
very few trials, The critical factor 
is differentiation of the stimuli and 
responses to be learned, However, 
contrary to Gibson's (1940) position, 
the differentiation focused upon is not 
between S-R units, but differentiation 


1 The present study is part of a program 
of research, supported by a grant from the 
National Science Foundation, concerned with 
the influence of differentiation on verbal 


processes. f 
Alfred Klipple ran Ss for this study, and 
Shirley Brown assisted in data analysis. 


between stimuli and differentiation 
between responses, writer has 


proposed the following assumptions 
concerning the differentiation process, 


1. Initial differentiation: The Initial dif- 
ferentiation of an item, for an S, can be de- 
fined to be a function of the similarity between 
this item and other items in a lst. The jers 
the similarity, the greater the differentiation, 

2. Development of differentiation: Dil- 
ferentiation of the term can be defined as 
increasing as a function of the (requeney with 
which the term has been presented 

ided to (e.g, “familiarization” training, 


Noble, 1955). 

3. Response differentiation © Increased dif- 
ferentiation of the response term, in an SR 
pair, is assumed to increase the probability 
that the term will be emitted as a responsen> 
though not necessarily to ita appropriate 


to incrpees ee probiti that the Krea p 
term t its appropriate response, In 
other differentiation is 


response 
required for emission of a term, but it will 
not be elicited consistently by its appro. 
priate stimulus omil that stimulus is aho 
differentiated. , 
$. Oscillation of differentiation; Hoth 


stimulus and differentiation oncitlate 
paged and ly from trial to 
q 

from that which would be predicted solely 
from the initial and developed of 
differentiation. However, the magnitude of 
oscillation decreases as a Tunction of increased 
differentiation. 


The specific purpose of the present 
experiment was to determine if pre- 
training amounts to anything more 
than making the relevant responses 
available to S2 This was done by 

* In fairness to the Underwood et al. (1959) 

ition, it should be pointed out that they 
do sot explicitly deny the possibility that 
factors other than availability may be operat- 
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making the responses available on 
cards to all Ss during paired-associate 
learning, and forcing Ss to use these 
cards during learning (see Procedure 
section for method used to ensure 
use of cards). Half the Ss had re- 
ceived familiarization pretraining on 
the responses, half had not. If the 
effect of pretraining is nothing more 
than making the responses available 
to Ss, then there should be no differ- 
ence between groups receiving pre- 
training and groups receiving no pre- 
training. On the other hand, if pre- 
training is a predifferentiation device, 
then pretraining should facilitate learn- 
ing despite the fact that the responses 
are available to all Ss, 

It also follows, from the writer’s 
formulation, that one of the major 
effects of response predifferentiation 
is to reduce oscillation. This was also 
tested, 


METHOD 


Materials:—The stimuli and responses used 
in the present study were the same as those 
used by Underwood, Runquist, and Schulz 
(1959), but the pairing of stimuli and re- 
sponses was not identical with theirs since 
they did not indicate the specific pairings. 
The criterion learning materials consisted of 
two lists of 10 pairs each in which the stimuli 
were Glaze nonsense syllables from 45-53% 
association value and of low intralist simi- 
larity. The responses were two-syllable ad- 
Jectives. In one list all responses were rela- 
tively synonymous; in the other list the 
responses were unrelated in meaning. 

Subjects —The Ss were 80 Wayne State 
University students from the introductory 
psychology course and were randomly as- 
signed to compose groups of 20 Ss in each of 
the four conditions. 

Pretraining —The Ss in the pretraining 
conditions were shown the responses they 
were to learn in the subsequent paired- 
associate task, using a Procedure similar to 


Pretraining situati 
On the other hand, the writer’s eee 
response differentiation is a more basic 
variable from which variables such as avail- 
ability can be predicted. 
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that of Underwood et al. (1959). The list 
of responses was presented in five alternate 
learning and recall trials, During the learn- 
ing trials, items were presented at a 2-sec, 
rate and S was instructed not to learn the 
adjectives in order since they would be in a 
different order on each trial. Five different 
orders were used. Following each learning 
trial, S was asked to write down as many 
responses as he could remember, and was 
given 1 min. for thi 

Availability forcing —During paired-asso- 
ciate learning, a card with all the relevant 
responses was placed on the top of the memory 
drum. The responses were numbered serially 
from 1 at the top of the card to 10 at the 
bottom. The S was instructed to respond 
by giving the number appropriate to the 
response he felt was correct. Five different 
orders of responses were used so that the 
number associated with any given response 
changed from trial to trial. This obviated 
the tendency for Ss to learn a number- 
response association, and forced S to examine 
the card for each response. The five orders 
of items on the cards were different from 
any of the orders used during pretraining and 
from any of the orders of responses on 
the memory drum during paired-associate 
learning. 

General procedure.—Half the Ss received 
Pretraining on the responses to be learned 
in their criterion paired-associate task. Since 
Underwood et al. (1959) obtained very similar 
results with Ss who received pretraining on 
irrelevant responses and those who received 
no pretraining, in the present study Ss in 
the no-pretraining conditions were not given 
Pretraining on irrelevant responses. The 
paired-associate learning was at a 4:4-sec. 
rate with an 8-sec. intertrial interval. The 
4-sec. rate was necessary since preliminary 
study showed that Ss could not examine the 
availability cards and emit a response in 2 
sec. Five different random orders of pairs 
were used, none of which was the same as 
the order on any pretraining trial or on any 
of the availability cards, The Ss received 15 
Presentations of the paired-associate list, 
and anticipated the correct responses on the 
last 14 of these trials, 


RESULTS 


As can be seen in Fig. 1, results of 
pretraining in the present study are 
very similar to those obtained by 
Underwood et al, (1959), despite the 
fact that all Ss in the present study 
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Fic. 1, Mean number of correct responses per trial as a function of response pretraining 
and response similarity. 


had the responses available to them 
on cards during paired-associate learn- 
ing, and were forced to use these 
cards in order to respond correctly. 
As in the Underwood et al. (1959) 
study, during the first few trials of 
paired-associate learning, response pre- 
training was most effective for Ss who 
learned material with low intrare- 
sponse similarity; by the end of 
training, pretraining was facilitating 
both the high and low response simi- 
larity groups. A 2X2 analysis of 
variance over the total number of 
correct responses for the last half of 
paired-associate training indicated that 
the effect of pretraining was significant 
at beyond the .01 level, the effect of 
response similarity was significant at 
beyond the 005 level. The interac- 
tion between Pretraining and Re- 
sponse Similarity did not approach 
significance. 

A gross oscillation score was cal- 


culated for each S by summing the 
number of responses emitted cor- 
rectly on each trial, which were not 
correctly emitted on the subsequent 
trial. This gross oscillation score 
was then divided by the total number 
of correct responses given by S on 
all trials prior to the trial on which 
he made no further errors. This 
yielded an index of the mean amount 
of oscillation per correct response. 
Mean oscillation was computed in 
this manner because some Ss (par- 
ticularly in the nonsimilar pretrained 
group) reached 100% correct re- 
sponses early in the 15 trials and made 
no further errors. Dividing by total 
number of correct responses for such 
Ss would give a spuriously low mean 
oscillation score which would appear 
to support the writer’s hypothesis, 
but which would actually be merely a 
reflection of the great number of 
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TABLE 1 
MEAN OSCILLATION PER Correct RESPONSE 
AS AFFECTED By RESPONSE PRE- 
TRAINING AND RESPONSE 
SIMILARITY 


` Nonpre- 
Pretraining training Mean 


Responses ol 
Means 


Mean| SD | Mean| SD 


.205 | .125| .307 | 201| 256 
‘172 | 083] 224 | 110| ‘108 


-188 


Similar 
Nonsimilar 


Mean of means -266 


correct responses emitted during over- 
learning. 

Table 1 shows that response pre- 
differentiation decreases the mean 
oscillation for both similar and non- 
similar response conditions. In addi- 
tion, mean oscillation is lower for 
nonsimilar than for similar material. 
Both these results are consistent with 
the writer's formulation concerning 
the effects of differentiation, 

“A250 analysis of variance (Pre- 
training X Similarity) indicates that 
the effect of training on mean oscilla- 
tion is significant at beyond the .02 
level. The effect of similarity falls 
at approximately the .06 level, and 
so cannot be considered statistically 
significant. The interaction yielded 
an F of less than 1.00, 


Discusston 


A recent study by Runquist and F: ree- 
man (1960) investigated the effects of 
response pretraining in a “verbal dis- 
crimination” situation: two terms were 
presented simultaneously, and S was to 
choose one of these, Pretraining on both 
terms in a dyad Produced results which 
were no different from those of a control 
group with no Pretraining. Why did 
Runquist and Freeman fail to obtain 
a pretraining effect while such an effect 
was obtained in the Present study? 
While it is impossible to answer this 
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question with any degree of confidence 
at this time, it should be pointed out 
that much less response differentiation 
was required in the Runquist and Free- 
man study than in the present study, 
since in the present study § was required, 
upon the presentation of a stimulus, 
to select one response out of a pool 
of 10 possible responses. The pool of 
responses was constant from stimulus 
to stimulus. Runquist and Freeman 
presented only two responses at a time 
for S to choose between; the same two 
responses always appeared together, and” 
neither ever appeared with any other 
response in a dyad. 

The present paper has attempted to 
interpret the effects of response pre- 7 
training in terms of differentiation. 
Consequently, it is of interest to note 
that Underwood et al. (1959) reject a 
differentiation notion because their data 
do not indicate a greater effect, due to 
pretraining, for the similar than for the 
nonsimilar responses. They reason that, 
if pretraining reduces similarity by means 
of differentiating the responses, the effect 
should be greater for similar than non- 
similar material. While this reasoning 
may be relevant to Gibson's (1940) 
notion of differentiation, it is not relevant 
to the formulation presented in the 
Present paper. Within the present 
meaning of “differentiation,” pretraining 
is effective largely because of the extent 
to which it reduces oscillation. The 
relative effect of pretraining on oscilla- 
tion at various levels of similarity is an 
empirical question still to be determined. 


SUMMARY 


The writer has hypothesized that response 
pretraining is a predifferentiation device. 
Underwood (Underwood et al., 1959) has 
hypothesized that it is a procedure for making 
responses more available during subsequent 
association learning. The present study 
investigated the question, does response 
Pretraining facilitate learning even if the 
responses are made available to S during 
subsequent association learning. To this end 
Ss were presented with cards containing all 
the relevant Tesponses, during the association 
phase of the experiment, Each response was 
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numbered, and the numbers were randomly 
reassigned to responses from trial to trial. 
The Ss were required to emit the number 
assigned to the appropriate response. Thus 
all Ss were forced to use the availability cards. 

The results indicated that pretraining was 
effective even when the responses were avail- 
able to all Ss. One of the major effects of 
pretraining proved to be the reduction of 
mean oscillation per correct response. 
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The senior author (Saltz, 1961) has 
been concerned with the operation 
of differentiation in human learning. 
The present experiment is concerned 
with the effect of stress on such 
differentiation. 

In discrimination learning, degree 
of differentiation between competing 
S-R systems is a function of number 
of reinforcements. Saltz (1961) has 
postulated that stress acts to break 
down differentiation between systems, 
Since the tendency of one system to 
intrude on another is a function of 
stimulus similarity (e.g., overlap in 
common elements between the stimuli 
to be discriminated), stress should 
be more disruptive for overlapping 
systems than for nonoverlapping. 
This expectation assumes equal dif- 
ferentiation for the overlapping and 
nonoverlapping systems, Should a 
greater number of reinforcements 
be required for differentiation of the 
overlapping system, the relatively 
greater disruption of this system 
resulting from stress would decrease 
as a function of the greater number 
of reinforcements, Finally, work by 
Castaneda and Palermo (1955) sug- 
gests that the amount of dedifferentia- 
tion produced by stress is greater 
when original differentiation is low 
than when it is high, 

The following Predictions arise from 
the above formulation. In discrim- 
ination learning, when the correct 
response is dominant, introduction of 
stress should reduce the probability 


1 The Present study was Supported by a 
grant to the senior author from the National 
Science Foundation, 


of correct responses. The greater the 
similarity between the stimuli to be 
discriminated, the greater this reduc- 
tion will be. The reduction will be 
greatest for similar stimuli when the 
dominant response is relatively weak, 

It should be noted that the predictions 
arising from the above formulation are 


different from those made by Castaneda and 
Palermo (1955), Castaneda (1956), and 


Palermo (1957), who conceptualize stress in 
Castaneda and 
hould facilitate 
sct response is 
increased 


terms of Hullian drive (D), 
Palermo suggest that st 
performance when the c 
highest in the hierarchy, 


since 


facilitative 


studies obtained a 
effect due to stress. It should be noted, how- 
ever, that they employed increased pacing 
(e.g., shorter period of time permitted for 


significant 


Fesponse emission) to produce stress. It is 
not certain that this method of producing 
Stress is equivalent to introducing a painful 
stimulus or to raising the apprehensiveness of 


The present study was designed to 
investigate the effects of electric 
Shock as stress in discrimination 
learning 2 


METHOD 


General design—The Ss learned a dis- 
crimination task to a low criterion of per- 
See 


* The basic problem in the present study 
Was investigated in a preliminary experiment 
(Riach, 1958) which showed a decrease in 
Correct responses with shock stress, but was 
otherwise uninterpretable for reasons of 
faulty design, 
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formance, and were then subjected to electric 
shock simultaneously with the presentation 
of the discriminanda. A 2 X 2 design was 
employed: shock-nonshock ; similar-dissimilar 
discriminanda. 

Subjects —The Ss were 80 volunteers from 
the introductory psychology course at Wayne 
State University. They were randomly 
assigned to groups of 20 Ss (10 men, 10 
women) in each of the four experimental 
conditions. 

Apparatus —The apparatus was modeled 
after one described by Estes and Burke 
(1955). Stimuli in the discrimination task 
were 12 6-v., .25-amp. light bulbs, arranged 
in a circle with a 9-in. radius on a 2-ft. square 
display panel painted flat black (see Fig. 1). 
The patterns of lights were programed on 
tape. A 7 X9 in. box was placed 18 in. in 
front of the display panel, and held two push 
buttons mounted 5 in. apart on top of the 
box. The S's task was to learn which of 
these buttons to depress upon presentation 
of any stimulus pattern. A 6-v. reinforcement 
light was located 3 in. above each button; 
these lights were used to indicate, after each 
trial, which button should have been pressed. 
The E was informed of the button S had 
depressed by the illumination of a correspond- 
ing light on a panel facing Æ. This light 
could not be activated if S responded after 
illumination of a reinforcement light. 

Electric shock was introduced by means of 
two electrodes attached to S's wrist. 

Tasks.—A pattern of three lights on the 
display panel was shown to S for 2 sec. and S 
was to depress either the right or left button 
on the response box. When the panel lights 
went off, the reinforcement light indicated 
the correct button on the response box for 
1 sec. There was a 4-sec. interval before 
the next sequence began. ‘This sequence, 
which constituted a trial, was electronically 
controlled. 

The highly similar overlap task consisted 
of making a left-button response when the 
majority of the three lights appeared at 
Positions 1-6 on the display panel (see Fig. 1) 
anda right-button response when the majority 
of the three lights appeared at Positions 7-12. 
Stimulus overlap resides in the fact that any 
stimulus could become connected to both 
responses, e.g., Stimulus 3 would be part of a 
pattern indicating the left-button response if 
one or both of the other stimuli were from 
Positions 1-6; on the other hand, Stimulus 3 
would be part of a pattern indicating the 
right-button response if the remaining two 
stimuli were from Positions 7-12. 

The nonoverlap task involved pairing any 


SPLIT FOR OVERLAP CONDITION 


i 
SPLIT FOR NONOVERLAP CONDITION 


Illustration of display panel. 


Fic. 1. 
(Numbers indicating positions of lights, and 
broken lines indicating splits used for overlap 
and nonoverlap conditions, are indicated to 
facilitate understanding of experimental pro- 
cedure, and were not present on actual display 
panel.) 


stimulus light with only one response. A 
left-button response was indicated when three 
lights at Positions 3-8 were activated; a right- 
button response was called for by lights at 
Positions 9-2. Different splits of the lights 
were used for the overlap and nonoverlap 
conditions because preliminary work indi- 
cated that a vertical split (1-6 vs. 7-12) was 
too easy for the nonoverlap condition, while 
a diagonal split (3-8 vs. 9-2) was too difficult 
for the overlap condition. 

Procedure. —The shock device was at tached 
to the nonpreferred hand of each S, whether 
in shock or nonshock condition, before learn- 
ing was to begin, and shock was adjusted to a 
point S considered to be the pain threshold. 
The S was then told, “now just forget about 
the armband because I won't apply any 
stimulation for quite a while.” The S was 
also told: “The light will come on over the 
button you should have pressed for each 
pattern. This will tell you if you are right 
or not.” All responses were made with the 
forefinger of the preferred hand. The S 
could rest this hand on the table in front of 
the response box between responses. 

There were 30 different patterns of lights 
constituting 30 trials for each task before 
repetition of stimuli began. Responses were 
tallied in blocks of 12 trials. Nine or more 
correct responses out of a possible 12 on two 
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TABLE 1 


Mean BLOCKS or 12 TRIALS TO CRITERION 
AND MEAN NUMBER OF Correct RE- 
SPONSES ON LAST BLOCK BEFORE 
AND THREE BLOCKS AFTER Ex- 
PERIMENTAL TREATMENT 


Blocks of 
Trials to | Mean Number Correct 
Criterion 
Sreup 12 Trials | 36 Trials 
Before After 
Mean} SD 
Mean| SD | Mean| SD 
Nonoverlap 
Nonstress | 3.95 |2.21 | 10.50] .81 | 32.00 | 3.54 
Stress 3.80 | 1.54 | 10.45] ‘86 | 30.25 | 3.69 
Overlap 
Nonstress | 6.40 |3.17 | 10.20 | 1.07 | 29,35 | 6.95 
Stress 7.15_|3.66 | 10.20 | 1.15 | 26.75 | 6.96 


separate (though not necessarily consecutive) 
blocks of trials constituted the criterion for 
learning. With no pause or instructional 
indication that a new phase of the testing 
had begun, Ss received 36 trials subsequent 
to reaching the criterion, Foran Sin a stress 
condition, shock accompanied the first of 
these 36 trials, plus 11 other randomly se- 
lected trials. Shock onset coincided with the 
onset of the light pattern for a trial, and was 
removed after }-} sec., before S had an 
opportunity to make a button pushing 
response. 


RESULTS 


Table 1 summarizes the number 
of blocks of trials to reach criterion 
(including — criterional trials) and 
the performance of the various 
groups on the 12 trials on which Ss 
reached criterion and on the subse- 
quent 36 test trials. As can be seen, 
the nonoverlap groups reach criterion 
somewhat earlier than overlap groups. 

Owever, there is no significant dif- 
ference in the Strengths of the correct 
responses for the various groups on 
the criterion block of 12 trials. Stress 
Produced a relative drop in perform- 
ance in both overlap and nonoverlap 

) Also, during the 36 test 
trials, both Overlap groups performed 
more poorly than the Corresponding 
nonoverlap groups. A difference score 
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was obtained for each S between 
number correct on the criterion trials 
and on the subsequent 36 trials, and 4 
2 X 2 analysis of variance was per- 
formed over these difference scores, 
The F for stress was significant at 
beyond the .02 level, the F for overlap 
was significant at beyond the ,05 
level, and the Stress x Overlap inter- 
action did not approach significance, 

Next, the relationship between 
amount of discrimination learning 
before the test trials and the per- 
formance on the test trials was 
investigated. It will be recalled that 
the criterion of learning, before insti- 
tution of the test series, consisted of S 
making at least 9 correct responses 
in each of two blocks of 12 trials. A 
transformed score was calculated for 
each S$ which was determined pri- 
marily by his performance on the last 
of the two criterion blocks of trials, 
but which gave some additional 
weight to performance on the first 
criterion block. Scores of OF 10). 1A 
and 12 correct on the last criterion 
block of trials were given minimum 
transformed scores of 175, 9; and 13> 
respectively. An additional point was 
added onto the transformed score for 
every correct response over 9 on the 
first criterion block of trials. Thus, 
for Ss who gave 9 correct responses 
on the last criterion block: 10 correct 
on the first criterion block was given 
a transformed score of 2, 11 correct 
on the first criterion block was given 
a transformed score of 3, etc. While 
this transformation was arbitrary, it 
correlated relatively well with the 
actual number of correct responses 
given in the 36 postcriterion test 
trials. For the nonshock groups, 7 
was .40 for the nonoverlap condition, 
58 for the overlap condition. For 
the shock groups, both overlap and 
nonoverlap conditions produced 7’s 
over .70, 
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For each of the two nonshock 
groups, a regression was calculated be- 
tween transformed criterion perform- 
ance and test performance. For the 
nonoverlap group, Y’=.465X +28.04 
where Y’ is predicted test score and X 
is the transformed criterion score. 
For the overlap group, Y’ = .71X 
+ 24.88. Figure 2 shows the rela- 
tionship between transformed cri- 
terion scores and scores on the test 
trials for the two shock conditions, 
with the regression line based on the 
corresponding nonshock conditions 
indicated. As can be seen, in both 
overlap and nonoyerlap conditions Ss 
with high scores on the preshock 
criterion trials show almost no drop 
in performance during the 36 test 
trials as compared with the regression 
line for the nonshock group. It is 
the Ss who learned to a low criterion 
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who show the effects of shock. Also, 
it is apparent that the overlap low 
criterion Ss drop much more com- 
pared to the regression line for their 
nonshock counterparts, than the non- 
overlap low criterion Ss. 

Next the relationship between shock 
effects and preshock criterion scores 
were evaluated. The equations, indi- 
cated above, predicting test trial 
behavior from criterion scores for the 
nonshock control groups, were used 
to predict test trial behavior for each 
Sin the relevant shock groups. These 
predicted scores were then subtracted 
from Ss’ obtained scores. The dis- 
crepancy scores obtained in this way 
indicate the extent to which shock 
depressed performance for each S. 
Next, all Ss in each shock group were 
divided into two groups, those above 
the median on the preshocked cri- 


control 
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terion measure, and those below the 
median. (It was found that 11 Ss 
in each shock group received a trans- 
formed score of 6 or lower—trans- 
formed score of 6 corresponds to 10 
correct on each of the criterion trials— 
while 9 Ss in each group received a 
score of 7 or more, and this split came 
closest to dividing the two groups in 
half.) For low criterion Ss, the mean 
discrepancy between number correct 
in the shock condition and number 
correct predicted on the basis of the 
nonshock controls was —5.34 in the 
overlap condition, —2.09 in the non- 
overlap condition. For high criterion 
Ss, the mean discrepancy was 0.27 
for the overlap condition, —0.59 for 
the nonoverlap. A 2 X 2 analysis of 
variance indicates that the shock 
induced drop in correct responses in 
the low criterion group is significantly 
greater than that in the high criterion 
group at well beyond the .001 level 
while the interaction between cri- 
terion and overlap is significant at 
beyond the .05 level. Analysis of the 
simple effects shows that this inter- 
action is a result of the fact that the 
overlap group with low criterion of 
original learning dropped in perform- 
ance proportionately more than the 
corresponding nonoverlap group as a 
function of shock. 


Discussion 


‘The results of the present study indi- 
cate that the introduction of shock as 
stress produces a decrement in dis- 
crimination behavior even if the correct 
response has become dominant. The 
decrement appears to be functionally 
related to degree of differentiation ac- 
quired prior to stress. For Ss who had 
high criterion scores before stress was 
introduced, stress produced no signifi- 
cant drop in performance (compared to 
relevant nonstress control Ss) for either 
the group with overlapping stimuli or the 
group with nonoverlapping stimuli. For 
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Ss with low criterion scores, however, 
stress produced a significantly greater 
decrement in the overlap group than in 
the nonoverlap group, and both groups 
showed a significant decrement. These 
latter results must be treated cautiously 
for two reasons. First, the differences 
in criterion scores between high and low 
criterion Ss are based on individual 
differences in performance rather than 
controlled variation of degree of learning 
across Ss. Consequently, it is possible 
that the greater discrepancy in test 
performance between shock vs. nonshock 
low criterion Ss, relative to shock vs. 
nonshock high criterion Ss, is due to 
some factor related to learning rate 
rather than degree of differentiation. 
Secondly, the overlap and nonoverlap 
tasks were not equally difficult; as can 
be seen in Table 1, the overlap conditions 
required more trials to criterion than 
the nonoverlap conditions. Since it is 
assumed that differentiation develops 
as a function of number of trials, this 
means that the overlapping S-R systems 
received more differentiation than the 
nonoverlapping. From the writers’ theo- 
retical position, this suggests that the 
estimate of greater disruption with shock 
for overlap than nonoverlap conditions 
is conservative. Had the amount of 
reinforcement been equal in the two 
conditions, relatively more disruption 
should have occurred in the overlap 
condition. While the present study 
could have been- designed so that all Ss 
received the same number of pretest 
trials, a performance criterion was used 
to assure that the correct response was 
dominant upon introduction of shock, 
and yet not so dominant that possible 
increments in performance with shock 
could not be demonstrated. 

In the present study, there was no 
evidence for a significant increment in 
performance in any group as a function 
of shock. These results support the 
general position taken by the writers 
concerning the effects of on 
differentiation. 

It should be pointed out that, in terms 
of the writers’ position, the effect of 
Stress on performance can, under appro- 


stress 
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priate circumstances, be facilitative since 
the effect will depend on the degree of 
differentiation of the correct S-R system 
and competing systems. If the correct 
system is strongly differentiated and all 
competing systems are very weak, stress 
should have only a small detrimental 
effect on the differentiation of the correct 
system, but should obliterate the weak 
competing responses; the resultant would 
be an increase in performance. Increases 
in noxious stimulation which have facili- 
tated performance in running studies 
(e.g., Campbell & Kraeling, 1953) and 
eyelid conditioning studies (e.g., Passey, 
1948) can be cited as demonstrating this 
type of relationship. These studies have 
of course, in the past been cited as 
evidence for the multiplicative drive 
properties of noxious stimulation, i.e., 
performance = f (H X D). It is inter- 
esting that in this case both the Hullian 
multiplicative assumption and the writ- 
ers’ assumption that stress breaks down 
differentiation (divisional rather than a 
multiplicative assumption) cąn predict 
the same phenomena. 


SUMMARY 


The present study was designed to investi- 
gate the effects of stress on previously ac- 
quired differentiations. The S learned to 
criterion either a discrimination between 
stimuli with overlapping stimulus elements, 
or one between nonoverlapping stimuli. 
Subsequent introduction of stress in the form 
of electric shock had the following effects: 
(a) Shock produced a decrement in perform- 
ance. (b) Analysis of individual differences 
in number of correct responses on the criterion 
block of trials indicated that the Ss who were 
at high levels of performance prior to the 
shock showed little decrement. Most of the 
decrement was contributed by $s who had 


593 


learned the discrimination to a relatively low 
(though greater than chance) criterion. (c) 
For Ss who were at a high level of performance 
prior to being shocked, stress produced no 
differential effect between overlapping stim- 
ulus conditions and nonoverlapping. How- 
ever, there was a large and significant differ- 
ence for Ss who learned to a relatively low 
criterion, with overlapping groups showing 
more decrement than nonoverlap. (d) No 
group showed a significant increment as a 
function of stress. The results were related 
to theories of differentiation and drive (D). 
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FAMILIARITY AND APPARENT COMPLEXITY OF 
RANDOM SHAPES 1 
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This study attempts to show that 
judgments of visual complexity are af- 
fected by stimulus familiarity. Typ- 
ically, in previous experiments, per- 
ceptual complexity has been defined 
in terms of the physical character- 
istics of the stimulus (see Hake, 1957, 
pp. 59-69 for an excellent review 
of the many definitions and behavioral 
measures of figural complexity; also 
see Attneave, 1955; Elliott, 1958; 
Fitts, Weinstein, Rappaport, Ander- 
son, & Leonard, 1954; French, 1954; 
Gregg, 1954; Vanderplas & Garvin, 
1959), Complexity is a concept which 
may also be meaningfully specified by 
variables associated with S. This 
experiment tested the hypothesis that 
there is an inverse relationship be- 
tween the apparent complexity of 
visual shapes and S's familiarity with 
these shapes, 


METHOD 


complexity were 4, 6, 8, 12, 16, and 24 points.? 


2? There appears to be a discrepanc - 
tween what Attneave (1957) calls alee 
and what Vanderplas and Garvin (1959) 
believe Attneave said. Attneave (1957) 
analyzed the variable, “|, actual number 
of turns..." ( 


All stimuli were black on white 2 X 2 in. 
slides. A white cardboard screen 60 in, wide 
by 40 in. high served as the projection surface. 
A self-timed, automatic projector was used 
to present the stimuli, The shapes differed. 
in projected size; the longest axis measured 
from 12 to 18 in. 

Learning trials.—The experiment was per- 
formed in two Sessions. For Session 1, two 
shapes from each of the six complexity cates 
gories were selected using a table of random 
numbers. A single capital letter (A to M 
excluding 1) was Printed in the lower left 
corner of these slides. This letter was the 
“name” of the shape. The Ss were asked to 
learn the letter associated with each shape, 
Trials 1, 2, 4, 6, and 8 were learning trials; 
Ss simply tried to learn the letter-shape pairs, 
Trials 3, 5, 7, 9, and 10 were test trials; the 
shapes were Presented without the letters and 
each S tried to write the correct letter on a 
special answer sheet, To increase motivation 
to learn, prizes of $5, $2, and $1 were given 
to the Ss with the three highest correct 
identification scores, 

Complexity Judgments.—During Session 2, 
which took place 48 hr. after the learning and 
test trials, Ss were shown 36 new random 
shapes plus the 12 shapes (now without 
identifying letters) they had become familiar 
with during the Previous session, For each 
of these 48 shapes Ss were required to judge 
complexity on a 7-point scale. These instruc- 
tions were read to the Ss: “You will be shown 
black shapes on a white background. I want 
you to judge how complex each shape is when 
it is shown to you. Please use the categories 
listed across the top of your rating sheet.” 
Teeter 


investigators seem to be saying the same thing, 
Vanderplas and Garvin do not mean exactly 
what they Say. Photographs of all their 
experimental shapes, arranged in six nominal 
complexity categories, were presented in the 
+ For many shapes the actual 
number of points is less than the nominal 
number (e.g, 8-point shapes with five, six, 
This occurred, of course, 
as a result of the way in which such random 
shapes are constructed (Attneave & Arnoult, 
). Fortunately, this argument (if it is 
one) is not crucial to the present experiment. 
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Inquiries were not answered at this time. 
Following Attneave’s (1957) procedure, which 
was designed to acquaint Ss with the range 
of stimuli to be judged, each of the 48 shapes 
was shown for 2 sec. before judging began. 
At this time Ss’ questions were honored, but 
answers were only in terms of the instructions. 
Immediately following this procedure, all the 
shapes were presented (in a new random 
order) for 7 sec, each during which time Ss 
made their complexity judgments. The rating 
scale was the same one used by Attneave 
(1957) : extremely simple, very simple, simple, 
medium, complex, very complex, and ex- 
tremely complex. 

At the end of Session 2 Ss were asked to 
complete a familiarity scale on each shape. 
Each shape was now shown for 5 sec., and 
Ss judged whether a shape was (a) definitely 
seen before (that is, before this session), or 
(b) never seen before, or (c) uncertain. The 
purpose of the “uncertain” category was to 
determine whether shapes other than the 
Jearned shapes were thought to be familiar 
because of similarity between shapes. It must 
be remembered that simple, randomly con- 
structed shapes often do look very much alike. 

An interesting sidelight developed as a 
consequence of using the familiarity scale. 
During the second session of a pilot study, 
identical to the present experiment in pro- 
cedural details, Ss were presented with 48 
shapes all different from the 12 they had 
learned in the first session. When the 
responses to the familiarity scale were ana- 
lyzed, it was found that for many of the 
shapes a large number of Ss had checked 
“definitely seen before.” ‘This finding is very 
similar to Arnoult's (1956) observation that 
Ss work on the principle, “When in doubt, 
call it familiar” (p. 273). 

Subjects —Two experiments are reported 
here. The data of the first experiment were 
obtained from 26 men and women college 
students. Replication of the experiment was 
performed on an independent group of 29 men 
and women students. Each group learned a 
different set of 12 shapes but both groups were 
presented with the same 36 unfamiliar shapes. 
For both groups the sequence of familiar- 
unfamiliar shapes was identical. 


RESULTS 


Complexity judgments—The data 
of both groups were combined and 
analyzed together. Therefore there 
were four familiar and six unfamiliar 
shapes from each of the six com- 
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TABLE 1 


MEAN COMPLEXITY JUDGMENTS OF FAMILIAR 
AND UNFAMILIAR RANDOM SHAPES 


Mean Complexity Judgments 


No. of 
Points | 34 Familiar |36 Unfamiliar | Ay 
Shapes Shapes 
4 0.75 0.97 0.86 
6 1.56 1.71 1.64 
8 2.30 2.46 2.38 
12 3.10 3.90 3.50 
16 3.81 4.30 4.06 
24 4.70 5.70 5.20 
Mean 2.70 3.17 


Note.—The scale of complexity was as follows: 
extremely simple, 0; very simple, 1; simple, 2; medium, 
3; complex, 4; very complex, 5; extremely complex, 6. 


plexity categories. If familiarity has 
no effect on judgments of complexity, 
then there should be no statistically 
significant difference between the 
mean complexity judgments of the 
familiar shapes and the unfamiliar 
shapes. 

In order to test statistically this 
proposition, arbitrary values of 0 
(extremely simple) to 6 (extremely 
complex) were assigned to the physical 
complexity categories. For each shape 
a mean complexity rating was ob- 
tained by tallying all responses ac- 
cording to this system and then 
dividing by the number of responses 
(see Attneave, 1957, p. 223 for a 
discussion of the use of a mean 
rating). The mean ratings for all the 
4-point familiar shapes were then 
summed and a mean of means was 
obtained. This procedure was carried 
out for all the remaining categories 
of familiar and unfamiliar shapes and 
the means are presented in Table 1. 

The data in the last column of the 
table clearly support Attneave’s (1957) 
results; psychological complexity is 
directly related to the number of 
points used in constructing the ran- 
dom shapes. Four-point shapes were 
on the average judged to be almost 
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but not quite “very simple” whereas 
the 24-point shapes were judged to 
be a little more complex than “very 
complex.” 

In every case the mean complexity 
judgments for the familiar shapes is 
less than for the unfamiliar shapes. 
The mean difference of .47 between 
familiar and unfamiliar shapes when 
tested by a ¢ test for correlated scores 
results in a P between .05 and .02 
(t = 3.189; 5 df). Separate analysis 
of the data of the two groups of Ss 
results in essentially identical results. 

Familiarity judgments—The learn- 
ing trials were specifically designed 
to allow Ss to overlearn the shapes, 
or at least to learn them well enough 
to be able to discriminate the learned 
shapes from the new shapes shown 
during Session 2. Familiarity ratings 
were used to determine whether this 
goal was accomplished. Analysis of 
these data indicated success; 84% of 
the combined groups’ responses to the 
36 unfamiliar shapes were “never seen 
before,” 5% were “uncertain,” and 
11% were “definitely seen before.” 
Turning to the 24 familiar shapes, 
10% of the responses were “never 
seen before,” 2% “uncertain,” and 
88% were “definitely seen before.” 
Thus, there is evidence that the learn- 
ing trials did indeed make the shapes 
familiar to Ss even after 48 hr. had 
elapsed. 


Discusston 


It may be concluded that judgments of 
complexity of random shapes, con- 
Structed in a Particular manner, are 
inversely related to the familiarity of 
these shapes. Although one is tempted 
to generalize this finding to include, for 
example, more meaningful figural stimuli, 
there is little experimental evidence to 
offer in support of such a position. There 
is, however, experiential evidence which 
18 common to many individuals. For 
example, upon first looking at a new, 
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unfamiliar machine, piece of apparatus, 
or engine, it appears to be a complicated 
mass of rods, levers, and moving parts 
all unrelated to each other. It is difficult 
to understand how it operates. Given 
only a little knowledge of the instrument, 
gained perhaps by simply “actively” 
looking at it for a short time, it seems 
to become simpler, its parts become 
figures against a background whereas 
prior to familiarization there was little 
figure-ground separation. 

It is clear that anecdotal evidence is 
not what is needed to bridge the general- 
ization gap; research with visual stimuli 
other than randomly generated figures 
should be initiated (cf. Gibson, 1951), 
Although the implications of Attneave's 
(1957) study are clear, it is a little 
difficult to believe that the number of 
turns in the contour of a shape is the 
major—if not the only—determinant of 
apparent figural complexity. The pres- 
ent experiment, in addition to demon- 
strating the importance of stimulus 
familiarity, also emphasizes the need 
for more critical testing of both S and 
stimulus variables. In designing experi- 
ments to do this, consideration should 
be given to the classical or single variable 
type of experiment. If a factorial design 
is employed, as in Attneave’s (1957) 
study, the judging task may be made too 
simple, In this particular example, 
the outstanding visible difference bc- 
tween shapes was the number of turns 
in the contour and it is reasonable to 
believe that S's judgments were pri- 
marily based on this major perceptible 
difference. It is suggested here that this 
“visibility” of an experimental variable 
could be much reduced in a single factor 
experiment. Obviously, many small 
experiments, each involving one variable, 
would have to be conducted. 

Vanderplas and Garvin (1959) and 
Goldstein (1961) have supported the 
Proposition that there is an inverse rela- 
tion between judged figural complexity 
and association value. This relationship 
may be in part a result of an interaction 
between complexity and familiarity. 
Consider the Proposition that associa- 
tion value and familiarity are directly 
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related. Thus, a shape should be more 
familiar if it reminds one of more things 
or of the same thing more often. If this 
is assumed to be true, and the present 
findings suggest that the more familiar 
shapes appear less complex, then it fol- 
lows that shapes of high association value 
should be judged less complex. In other 
words there is an inverse relation between 
complexity and association value on a 
theoretical as well as an experimental 
basis. 
SUMMARY 

Judgments of the complexity of 24 familiar 
and 36 unfamiliar random shapes of matched 
physical complexity were obtained from 55 Ss. 
Familiarization was accomplished with a 
10-trial paired-associate learning session 48 hr. 
prior to the complexity judging session. The 
familiar shapes were judged to be significantly 
less complex than the unfamiliar shapes. 
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In concept learning experiments 
S is shown stimuli selected from a 
predefined universe. These stimuli 
(or instances) are divided into two or 
more classes. The task of S is to find 
a rule which can be used to assign 
any instance in the universe to the 
appropriate class. When the stimulus 
universe is defined in terms of possible 
stimulus variations there is a finite 
number of possible answers to any 
concept learning problem (Hovland, 
1952). The identification of particu- 
lar instances as members of specified 
classes transmits information in the 
Sense that it shows that certain 
answers cannot be correct. A con- 
cept is defined when only one possible 
answer remains as the definition of 
each class. 

e presented 
stance in S’s 
an additional 
ced. The in- 
by the in- 
by S. From 
ncept is not 
information 
cept. This 
n of more 
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CONCEPT LEARNING ! 


HUNT 


learning indicate that order of presen- 
tation exerts a powerful influence on 
retention (McGeoch & Irion, 1951), 
However, there is an important dif- 
ference between these studies and 
concept learning. In the usual verbal 
learning and retention study a par- 
ticular item (a key instance) is in- 
serted in a standard series. After the 
series is presented there is a test 
(usually recognition or recall) to 
determine whether or not S can meet 
some criterion for remembering the 
key instance, However, in concept 
learning S's task is to state or use a 
categorizing rule derived from the 
information transmitted by the stand- 
ard series. In order to do this § 
need not remember any particular 
instance as such. He does have to 


retain the information transmitted by 
certain instances, 
In order to study information 


retention, Ss were presented with a 
Series of instances sufficient to define a 
Concept. The Ss were then required 
to identify the class membership of a 
test series of unlabeled instances, 
using the categorizing rule they had 
derived from the first (training) series. 
he members of the test series were 
Chosen so that their identification 
depended upon retention of the in- 
formation transmitted by a key 
instance in the training series. 


EXPERIMENT I 


This experiment was designed to 
Provide data revelant to the form of 
the “information retention curve” as 
a function of the serial position of the 


information to be retained. 
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Method 


Stimuli.—The stimuli were geometric 

designs of the type shown in Fig. 1. The par- 
ticular dimensions and values used to provide 
stimulus variation (Hovland, 1952) were: 
type of figure (star, fleur-de-lis, “X”, and 
cross), shape of border (circle or square), 
color of figure (outline or filled in), and orien- 
tation of the “side panels” (0-180°, 45-225°, 
90-270°, 135-315°). The side panels are 
the rectangles extending out from the border 
of the design. 
: The designs were dittoed one to an 83 X 11 
in. page. The pages and a cover sheet were 
stapled into a book, Positive instances of 
the class to be defined were labeled “Alpha” 
and negative instances “Bravo.” 

Information content—Three sets of in- 
stances were used. The “standard set” con- 
tained two positive and two negative in- 
stances, Three of these were sufficient to 
eliminate all but two possible concept defini- 
tions, “outline figures” or “outline figures and 
circular borders.” The other instance in this 
set, the key instance, eliminated the definition 
outline figures. The “redundant instances” 
were six positive and six negative instances 
which, taken alone or in combination with the 
standard set exclusive of the key instance, 
transmitted sufficient information to restrict 
the correct definition to either of the two 
alternatives mentioned, The “test set" 
consisted of 10 instances whose class member- 
ship was not stated. All members of the test 
set had outline figures and square borders. 
In order to identify them correctly as nega- 
tive instances 5 had to retain the information 
transmitted by the key instance; that in- 
stances with outline figures and square 
borders were not members of the Alpha class. 

Table 1 describes all instances used. The 
instances are listed in order of presentation 
within a set. The standard set and the test 
set were always presented as units. The set 


Fic. 1. Typical stimulus: Exp. I. 
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TABLE 1 
Description OF STIMULI Usep, Exe. 1 
Order in) Figure | Panel* | Color | Border | Type 
Standard Set 
1 X 135 0 G P 
2 X 135 A C N 
3 X Oo} o S N 
4 Star 0 o C p 
Test Series 
1 Star 90 oO S ? 
2 | Star 135 oO S ? 
3 Fleur | 135 oO S ? 
4 X 90 oO S ? 
5 Cross 45 0 S fi 
6 Cross 90 oO S ? 
7 | Star Asale OL) os ? 
8 | Fleur 45 O S ? 
9 | Fleur oO oO S ? 
10 | Cross | 135 (6) S ; 
Redundant Instances 
1 | Fleur Oo} F C N 
2 | Cross| 45 | O Cc Is 
3 Star 90 0 C p 
4 | Fleur | 135 | F $ N 
5 | Star 90 F S N 
6 X o| 0 C F 
7 | Cross | 90| O C E 
8 | Cross 45 F S N 
9 | Fleur | 135| O | G | E 
10 Cross 90 F C N 
11 | Star 45| F C N 
12 | Fleur | 45 o Cc P 


Note.—Abbreviations are: O = outline, F = filled, 
P = positive, N = negative, C = circle, S = square, 

a The number in this column is the lowest orientation, 
in degrees, of the dimension “side panel.” 


of redundant instances was split into two or 
three blocks as required by the experimental 
design. 

Design—The number of instances pre- 
ceding the key instance and intervening be- 
tween it and the test series was manipulated 
by inserting the standard set and the test 
set into the set of redundant instances. For 
example, if the standard set is inserted be- 
tween Redundant Instances 2 and 3 and the 
test set between Redundant Instances 6and7, 
then four instances are placed in front of the 
key instance and five intervene between it 
and the first test instance. 

Either 2, 4, 6, or 8 instances preceded the 
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TABLE 2 
MAN Error Scores: Exp, I 
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Intervening Instances 


Preceding Mean 
Instances 
1 3 s 7 
2 2.5 | 3.7 | 3.6 | 55 | 3.8 
4 3.5 1.8 3.9 44 3.4 
6 2.2 5.5 4.9 3.8 | 41 
8 2.6 | 4.7 | 5.6 | 3.7 | 4.2 
Mean 27 | 39 | 45 | 44 


key instance, and 1, 3, 5, or 7 instances 
intervened between it and the beginning of 
the test series. These conditions of the two 
independent variables were combined in a 
4 X 4 factorial design. 

Subjects’—The Ss were 160 men and 
women (10 Ss per condition) enrolled in the 
introductory psychology class of Quinnipiac 
College, The experiment was conducted 
during regular class periods. Assignment was 
random within class sections, There were 
approximately 35 Ss in each section, 

Procedure.—At the beginning of the class 
period Æ described a concept learning prob- 
lem, using numbers as stimuli. The Ss were 
told that they were to solve a conjunctive 
concept learning problem (Bruner, Goodnow, 
& Austin, 1956) which involved no more than 
two dimensions, 

Instances were Presented by having Ss 
turn the pages of their books on a signal from 
E, which occurred every 30 sec. When S 
encountered a test instance (which was 
numbered instead of being labeled Alpha or 
Bravo) he was to indicate, on a separate 
paper, the class to which the instance belonged. 

Redundant instances which were not 
Presented prior to the test series were inserted 
after it. This made all test books the same 
length. Since § did not know that there 
would be no further testing after he com- 
pleted the test series, it was possible, by 
having all the books th 


X e same length, to 
conduct all experimental conditions simul- 
taneously, 


Scoring —The only conjunctive concept 
which would Correctly categorize all identi- 
fied Instances was “Alpha designs have out- 
line figures and circular borders.” If the key 
instance is excluded, a simpler rule, “Aji 


* The Ss were obtained 
ance of Robert Evans of Qui 
Paul A. Lane of the Unive: 


through the assist- 
nnipiac College and 
Tsity of Bridgeport. 


stimuli with outline figures are Alpha, 
can be derived from the identified instan 
It was assumed that in the absence of infor- 
mation to the contrary § would utilize t e 
latter, simpler rule. The number of test 
instances which S incorrectly identified as 
Alpha was used as an operational measure 
of the difficulty S had in retrieving the 
information transmitted by the key instance. 
The training series was highly redundant 
in eliminating possible concept definitions” 
involving other dimensions and values, f 

This procedure provides a graduated 
measure of concept learning. Itcan be argued 
that such a measure is logically invalid ; either 
Shas or has not acquired the concept. How- 
ever, S’s (implicit or explicit) statement of a 
categorizing rule may be only one of several 
factors in determining his identifications 
during the test series, Use of a categorizing 
rule might be masked by “noise” from extrane- 
ous variables (e.g., a tendency to match 
frequency of positive instances in the training 
and test series). A measure of central tend- 
ency would provide maximum sensiti ity 
in determining the information available to S. 
Therefore, the mean number of incorrect 
identifications was used as the dependent 
variable. 


Results 


The mean error scores for the 16 
groups are presented in Table 2, 
Table 3 summarizes an analysis of 
variance of error scores. Number of 
errors was a positive linear function 
of the number of intervening in- 
Stances. There is no evidence for 
any effect upon error scores associated 
with change in the number of preceding 
instances, 


TABLE 3 
ANALYSIS OF VARIANCE OF ERRORS: 
Exp. I 
Source df MS F 4 

Preceding instances (P) 3| 4.72| .59 
Intervening instances 

L) 3 | 26.66 | 3.36* 

Linear 1 | 60.06 | 7.69** 
PXI 9 | 13.07 | 1.65 
Residual within groups |144| 7.93 


*P <05. 
RPDE 
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TABLE 4 
MEAN Error Scores: Exe. II 


Intervening Instances 


Tanai Meas 
a 1 9 17 
2 i ean hashes 
6 32 | 47 | 44 | 41 
Mean. |) 3.0. SES 


An analysis of types of errors made 
on the test series did not reveal any 
striking patterns. In particular, there 
is no tendency for a particular error 
to be made in any one experimental 
condition either more or less fre- 
quently than would be expected on 
the basis of the mean number of 
errors in that condition. 


EXPERIMENT lI 


In this experiment the number of 
intervening instances was increased 
in order to obtain additional empirical 
knowledge of the form of the informa- 
tion retention curve. 


Method 


Stimuli —The stimuli were similar to those 
used in Exp. I. The dimension “orientation 
of side panel” was changed to “direction of 
arrow” and an arrow replaced the “side 
panel.” Triangles, diamonds, and double 
triangles were added and the fleur-de-lis 
dropped in the figure dimension. These 
changes increased the stimulus universe and, 
hence, the number of redundant instances 
which could be presented. The stimuli were 
dittoed and placed on 54 X 8% in. pages. 

Design—The same type of design was 
used as in Exp. I. There were 2 or 6 preced- 
ing and 1, 9, or 17 intervening instances. 

Subjects —The Ss were 54 Bridgeport 
University introductory psychology students 
(9 Ss per condition). One protocol was 
rejected because of improper assembly of a 
book. This S was assigned the mean error 
score of his group and the error term degrees 
of freedom reduced by one- 
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Results 


The mean error scores for each 
condition are presented in Table 4. 
The corresponding analysis of vari- 
ance is summarized in Table 5. 
The only effect to approach conven- 
tional levels of significance (P < .06) 
is the positive linear increase in errors 
with increase in the number of inter- 
vening instances. This is consistent 
with the results of Exp. I. Paradox- 
ically, the number of errors decreases 
with an increase in the number of 
preceding instances. However, this 
effect is not quite statistically sig- 
nificant, and the difference was in the 
opposite direction for the same num- 
ber of preceding instances in Exp. I. 


Exrerm™ent III 


In Exp. I and H differences in 
serial position of the key instance 
were confounded with differences in 
the length of the training series. 
Also, differences in the availability 
of information transmitted by the 
key instance were ascribed to diffi- 
culty in retaining information. Be- 
fore S can retain information, he 
must acquire it. If the acquisition 
process varies during learning, serial 
position effects would appear which 
were not due to information retention. 

In particular, the key instance 
transmitted information about a par- 
ticular dimension. Perhaps not all 
dimensions are scanned on all in- 


TABLE 5 
ANALYSIS OF VARIANCE OF ERRORS: 
Exe. II 
Source df MS 

Preceding instances (P) 1 | 39.53) 3.51 
Intervening instances (1) 2 | 24.80 | 2.20 
Linear 1 | 44.60 | 3.95, 

Pxi 2 | 4,92 

Residual within groups 47 |11.26 
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yes 


Fic. 2. Typical stimulus: Exp. III. 


stances. There is evidence that 
humans exhibit a systematic order of 
dominance in scanning dimensions 
(Dattman & Israel, 1951; Grant, 
1951; Heidbreder, 1945). The design 
of the stimuli and length of exposure 
interval in Exp. I and II were chosen 
so that Ss should have had little 
trouble in scanning all dimensions. 
Nevertheless, a more direct test of the 
effect of transmitting information over 
different dimensions was desirable. 

In Exp. III three key instances, 
which transmitted information over 
different dimensions, were presented 
at various positions in a constant 
length training series, 


Method 


Stimuli.—More complex stimuli were used, 
A typical instance is shown in Fig. 2. There 
were six dimensions; type of letter in the 
center (A or C), number of figures on the sides 
(one or two), type of figure (star, square, or 
cross), direction of arrow (right or left), 
number of lines below the letter (one, two, 
or three), and color of lines (black or white). 
Training instances were mimeographed on 
5X8 in. cards, test instances were mimeo- 
graphed, two to an 83 X 11 in. page. 

Information content,—The training series 


consisted of 10 Positive and 3 negative in- 
stances, i 
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pointing to the right, a single figure on eit! 
side of the letter, and outline (white) li e 
below the letter. Thus the positive instan 
alone restricted the correct concept definition 
to the inclusive disjunction of these three 
one-dimensional answers. The three key 
instances each contained one of the three 
possible one-dimensional answers, demon- 
strating that a correct answer involved the 
union of two or more of the dimensions and 
values indicated. 4 

The first nine positive instances all had an 
A in the center. The three negative (key) 
instances had a C in the center, The tenth 
positive instance (the thirteenth and last 
instance of the training series) also had a 
C in the center. From the results of pretest- 
ing, it was felt that Ss would guess, early in 
the problem, that “A in the center” was the 
correct answer, The final instance would 
be a “positive infirming instance’ (Bruner 
et al., 1956). ‘The Ss would have to construct 
a new answer from their memory of previous 
instances. Comments made by Ss indicated 
that the final training instance did force them 
to develop a new answer. The Ss were also 
asked to write a verbal statement of the 
concept they had derived from the training 
series. Only 2 Ss (in different groups) gave 
answers indicating that they did not realize 
that the final training instance eliminated 
the answer “A in the center.” These SS 
were replaced. 

The test series contained 18 instances. 
Six of these had an arrow pointing to the right 
but did not have a single figure beside the 
letter or outline lines below it. Thus these 
instances were “positive” by a concept which 
could be derived from the training series 
exclusive of one of the three key instances, 
Similar sets of six test instances were included 
for the other two key instances. 

Design.—Identity and position of key 
instances (key instances were placed in Serial 

ositions 1, 5, and 9 of the training series) 
were combined ina 3 X 3 latin square. In one 
sequence of training instances Key Instance 
A appeared in Position 1, B in Position 5, and 
Cin Position 9. This sequence is represented 
in the first row of the mean error score table 
(Table 6). The other two sequences of key 
instances (represented by the second and 
third rows of Table 6) were CAB, BCA. Each 
training Sequence was given to 10 Ss, in an 
example of Lindquist's (1953) Type II 
design. 

Subjects.—Thirty Quinnipiac College stu- 
dents served as paid Ss. The Ss were tested 
in groups of 3 to 8, 
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Procedure-—Each S was given a deck of 
training stimuli and a test booklet. The same 
instructions were given as in Exp. I and II 
except that there was no practice problem. 
The Ss from each of the three groups served 
simultaneously. 


Results 


The dependent variable was the 
number of erroneous identifications 
in the test series which were incon- 
sistent with a particular key instance. 
The mean number of errors of each 
type is presented in Table 6, the 
accompanying analysis of variance in 
Table 7. The results are not incon- 
sistent with the previously obtained 
data, Serial position had an effect 
with a constant length training series. 
Unfortunately, a stronger statement 
is not possible because the latin 
square assumption of noninteracting 
effects may or may not have been met 
(Gourlay, 1955). This assumption 
can be tested by the between-groups 
and square-uniqueness terms. While 
neither reaches conventional levels 
of significance, both are larger than 
would be desired. 

An interaction effect could be 
produced by selective order in the 
examination of dimensions. The com- 
plex stimuli used should favor some 
sort of orderly search pattern. This 
interpretation is consistent with the 
significant effect of instances, which 


TABLE 6 


MEAN Errors INCONSISTENT WITH 
PARTICULAR KEY INSTANCES: 


Expr. II 
Position of Instance 
Sequence |] Mean 
1 5 9 
ABC 5.0 $ 2 1.9 
CAB 1.8 1.2 0 1.0 
BCA 1.2 2.1 2.2 1.8 
Mean 27 1.3 8 


TABLE 7 
ANALYSIS OF VARIANCE; Exe. I 


Source df | MS F 
Between Ss 
Sequence (Groups) 2 | 7.55 | 2.46 
Within groups 27| 3.07 
Within Ss 
Serial position 2 | 28.32 | 5.23* 
Instance 2 | 38.41 | 7.09" 
Sq. uniqueness 2 117.01} 3.14 
Residual 54 | 5.42 


*P <01. 


reflects a reliable difference in the 
ease with which information is as- 
similated from different dimensions. 


DISCUSSION 


Considered together, the three experi- 
ments present a consistent picture of 
memory effects during concept learning. 
The number of errors in identification 
of instances following presentation of an 
information-bearing instance increases 
linearly with the number of instances 
intervening between the presentation 
and the test series. The number of 
instances preceding the key instance 
does not appear to have a strong effect 
upon S's ability to retain transmitted 
information. 

These findings may be compared to a 
related study of memory in concept 
learning by Cahill and Hovland (1960). 
They claim evidence for primacy and 
recency in information retention. Their 
recency evidence is comparable to “effect 
of intervening instances.” As primacy 
evidence they show a change in the slope 
of the function relating probability of 
use of information to number of inter- 
vening instances as the number of pre- 
ceding instances is varied. This would 
appear as an interaction effect in the 
present study. Such an effect was not 
demonstrated. 

Cahill and Hovland (1960) used, 
as a dependent variable, S’s verbal 
statement of a categorizing tule, In 
their training series they used only 
negative instances. In the studies re- 
ported here, actual classification be- 
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havior was observed and both positive 
and negative training instances were 
used. To the extent that the two studies 
have findings in common, their generality 
is increased. Further research is re- 
quired to determine the reason for the 
difference in the findings on the effect 
(or lack of effect) of preceding instances 
upon information retention. 


SUMMARY 


The utilization of information transmitted 
by a particular instance was investigated as a 
function of the position of the instance in a 
series of instances used to define a concept. 
Utilization of information was determined by 
observing S's action on a categorization task. 
An interference effect was found for instances 
intervening between the information trans- 
mitting instance and the beginning of the test. 
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There are extant a number of 
studies on the effect of amount of 
prerest practice (degree of learning) 
on motor learning performance after 
arest period (e.g., Adams & Reynolds, 
1954; Ammons, 1947; Bell, 1942; 
Irion, 1949; Kimble, 1949; Wasser- 
man, 1951). However, almost all 
such studies have involved what 
might be called massed practice (MP) 
conditions. The most extreme MP 
condition in the studies cited above 
was continuous practice. Less ex- 
treme MP conditions involved either 
25-5 or 15-5 sec. work-rest cycles; 
the most highly spaced conditions 
involved equal amounts of work and 
rest—either a 60-60 or a 30-30 sec. 
work-rest cycle. One study (Jahnke, 
1958) has explored the effect of degree 
of learning on postrest performance 
under practice conditions involving 
smaller amounts of work than rest 
with a 15-45 sec. work-rest cycle. 
Such conditions, involving smaller 
amounts of work than rest, may be 
designated by the generic term, dis- 
tributed practice (DP) conditions. 
Another DP (15-30 sec. cycle) study 
by Buxton (1943) also bears on the 
effect of the degree of learning vari- 
able, although the Ss were practiced 
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from the Faculty Research Committee of 
Miami University. 

The writer is indebted to S. A. Switzer, 
who critically read this report. The writer 
also wishes to acknowledge the assistance 
of Clifford Hammer, James Korn, and 
Douglas Sheeran with the collection of data 
for Exp. I and the assistance of Douglas 
Sheeran again with the collection of data for 
Exp. II. 


POSTREST MOTOR LEARNING PERFORMANCE AS 
A FUNCTION OF DEGREE OF LEARNING! 


JOHN C. JAHNKE 


Miami University 


to a criterion rather than given a 
particular amount of practice. 

Briefly, the findings of these two 
studies suggest that the effect of 
degree of learning under DP condi- 
tions is markedly different from its 
effect under MP conditions. Because 
of the importance of this suggestion, 
the two experiments reported below 
were performed. 


METHOD 


Experiment I-—Four groups of 20 under- 
graduate men each were practiced on a pur- 
suit rotor. The naive Ss were drawn largely 
from introductory psychology classes. Rate 
of rotation of the rotor was 60 rpm, Its 
direction of rotation was clockwise, and it was 
equipped with a hinged, brass stylus, The 
brass target was 1 in. in diameter, its surface 
was flush with the turntable surface, and its 
center was located 3} in. from the center 
of the 11}-in. diameter turntable. Each 
group received either 8, 17, 22, or 30 prerest 
trials with the 10-20 sec. work-rest cycle. 
All Ss then received 48 hr. rest and 21 addi- 
tional 10-20 trials. The long rest was intro- 
duced to minimize the complicating effects 
of any residual, undissipated work inhibition, 
such as Hull's (1943) reactive inhibition 
(Ir), on postrest performance. The four 
groups were matched S for S on the basis of 
total time on target scores on the first five 
trials. A running total was kept for each 
S during the matching trials, and S was 
assigned to one of the experimental groups 
during the 20-sec. rest following the last 
matching trial. Time on target scores were 
recorded to the nearest .01 sec. and were 
read from a Standard Electric clock. Work 
and rest periods were cycled automatically 
by a Lafayette Repeat Cycle timer, Model 
No, 1. The instructions given were those of a 
previous study (Jahnke & Duncan, 1956). 

Experiment IT.—Since the results of the 
lowest degree of learning in Exp. I were the 
most striking, greater attention was paid in 
Exp. II to the lower part of the degree of 
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Fic. 1. Performance data for all groups: Exp. I. 


learning dimension. Also, the entire dimen- 
sion was broadened somewhat. Five groups 
of 20 undergraduate men each were matched 
S for S on the basis of total time on target 
during the first four trials. Again a running 
total was kept for each S during the matching 
trials, and S was assigned to one of the experi- 
mental groups during the 20-sec. rest following 
the last matching trial. All groups were given 
a total of 60 trials on the pursuit rotor. Each 
group received either 4, 8, 16, 24, or 36 prac- 
tice trials, 48 hr. rest, and its remaining 
trials. Practice was always with the 10-20 
sec. work-rest cycle. 

‘The pursuit rotor was modified somewhat 
for Exp. II. Its target was # in. in diameter 
and was set flush with the turntable surface, 
The center of the target was located 34 in. 
from the center of the 10}-in. diameter turn- 
table, A spring-loaded stylus with a ball- 
bearing tip was used, but other details of 
procedure were the same as for Exp. I. 


REsuLts 


Experiment I.—The performance 
data and the smoothed curves fitted 
to portions of the data are presented 
in Fig. 1. Inspection of the data 
shows that the performance curves 
are quite regular, with a few minor 
exceptions. The smooth curves fitted 


to the prerest data of the 30-trial 
group and the postrest data of all 
groups are from a single family: a 
hyperbola with an added constant. 
(This function was also fitted to the 
data of Exp. II.) The general equa- 
tion for this family of curves is: 


YY =————. +, 


where Y = percentage time on tar- 
get, X = ordinal number of the 
practice trial, c = performance on the 
first trial for which the curve is 
plotted, and m and k are empirically- 
determined constants. The curves 
were fitted by the procedure given 
by Lewis (1960), and both inspection 
and tests of goodness of fit suggest 
the fits are reasonably good. 
Inspection of the initial portion 
of the data of Fig. 1 shows that 
the matching procedure adequately 
equated the initial performance of the 
four groups. A related-measures anal- 
ysis of variance of performance of 
these groups over the first eight trials, 
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during which time practice conditions 
were identical for all groups, gave 
F= 1.06 for 3 and 57 df (P > .05). 
Terminal performance level before 
rest was directly related to amount 
of practice. The index of determina- 
tion for the fit of the smooth curve to 
the prerest data of the 30-trial group 
was .95. 

One of the more important results 
of Exp. I is the function relating 
amount of reminiscence, or gain in 
performance over rest, to amount of 
prerest practice. (In this and the 
following experiment, reminiscence 
measures are presented in two ways. 
The first measure is the difference in 
performance between the first post- 
rest trial and the last prerest trial 
for each group. This is a measure 
of reminiscence uncorrected for prac- 
tice effects occurring on the first 
postrest trial. The second measure 
corrects for practice effects and is the 
performance difference between the 
first postrest trial for each group and 
the trial of the same ordinal number 
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received no long interpolated rest. 
The averaged performances of all 
groups which had not yet received 
rest were used to estimate such a 
control group's performance. This 
procedure resulted in a corrected value 
for each group except the one in each 
experiment receiving the greatest 
amount of practice. For these groups, 
estimates of performance were ob- 
tained from their fitted prerest curves.) 

Inspection of Fig. 1 and the first 
portion of Table 1 shows that the 
groups having smallest amounts of 
prerest DP exhibit greatest amounts 
of reminiscence. The correction for 
practice effects lowered the amounts 
of reminiscence more for the groups 
receiving lower degrees of learning 
than for those receiving higher de- 
grees. All groups of Exp. I show gain 
in performance over rest when the 
reminiscence measure uncorrected for 
practice effects is used; all but the 30- 
trial group show gain in performance 
over rest when the alternative remi- 
niscence measure is used. The direct 
difference ¢ values computed sepa- 


for a control group which has as yet 
TABLE 1 
SELECTED PERCENTAGE TIME-ON- TARGET MEASURES FOR ALL Groups 
i “Estimated” 
Last Prerest First Postrest First Postrest 
Group i Bi Trials Warm-up” 
i anaana = = é 
Mean SD Mean SD Mean Mean 
Exp. I 

8-trial 38.95 11.79 50.68 15.30 42.52 9.12 
17-trial 51.29 15.02 59.64 12.69 55.85 6.28 
22-trial 57.64 15.91 59.34 16.41 57.66 11.62 
30-trial 58.80 12.12 60.34 16.03 60.49 9.09 

Exp. I 
Pemi 17.92 8.89 27.38 11.07 18.88 8.20 
8-trial 22,28 6.96 29,30 12.39 22.17 6.44 
16-trial 26.14 8.98 30.46 8.93 33.03 12.70 
24-trial 36.23 11.48 34.49 11.73 36.77 13,33 
36-trial 43,31 12.87 35.90 9.25 40.46 11.91 
The difference between this score 


a Estimates of performance on Postrest 
and the score on Postrest 


te details. 
ext for further details | erformance on Postrest Trial 5 for each group 


b These values viel 
Trial 1. 


Trial 1 if no rest had been given. 
Trial 1 for each group yields a reminiscence measur’ 


e corrected for practice effects. See 


when added to scores obtained on Postrest 
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rately for each of the four groups, 
in order of increasing amounts of 
practice, for the reminiscence measure 
uncorrected for practice effects were 
5,662, 2.673, .464, and .416, with 19 
df in each case. The values for the 
8- and 17-trial groups are highly 
significant; the remaining values fail 
of significance. 

Warm-up, defined as improvement 
in performance over the first five post- 
rest trials, was not found to be system- 
atically related to amount of prerest 
practice for the conditions of thisstudy. 
It can be seen in Fig. 1 and again in the 

_ warm-up data of the Exp. I section of 
Table 1 that the initial slope of the 
curve for the 8-trial group is greater 
than that for the 17-trial group, lesser 
than that for the 22-trial group, and 
about thesameasfor the 30-trial group. 
However, when warm-up measures 
were corrected for practice effects 
occurring during these five trials, 
greater ordering was obtained. (Cor- 
rections for practice effects for this 
and the following experiment were 
estimated from the smoothed prerest 
curve of the group receiving the 
greatest amount of prerest practice. 
The improvement in performance 
over the appropriate stage of practice 
for this group was subtracted from 
the uncorrected warm-up score for 
each group separately.) The warm-up 
Scores corrected for practice effects 
were 3.82%, 3.88%, 9.91%, and 
7.98% time on target for the groups, 
given in order of increasing amounts 
of prerest practice. With the excep- 
tion of the 30-trial group, whose 
warm-up measure was somewhat less 
than that of the 22-trial group, warm- 
up was directly related to amount 
of practice. Additionally, it is noted 
that the groups with the two lowest 
degrees of prerest learning showed 
similar amounts of warm-up and that 
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the remaining groups showed larger 
but also similar, amounts. 

Asymptotic performance values 
were obtained for all four groups. 
It can be seen in Fig. 1 that the 17-, 
22-, and 30-trial groups seem to be 
converging toward the same value, 
Asymptotic values for these groups 
determined from the equations for 
the fitted curves were 78.44%, 72.75%, 
and 74.37% time on target, respec- 
tively. The comparable computed 
asymptote of the 8-trial group is much 
lower (65.11%). The fits of the 
curves to the postrest data seem 
acceptable in general, although the 
fit for the 17-trial group is poor. 
Indices of determination for these 
curves were as follows: .80 for the 
8-trial grovip, .29 for the 17-trial 
group (this low value seems attributa- 
ble largely to poor performance on 
postrest Trials 4 and 9), .91 for the 
22-trial group, and .82 for the 30-trial 
group. Additionally, a related-meas- 
ures analysis of variance was per- 
formed on the last postrest trial data. 
These differences were highly signifi- 
cant (F = 6.62, 3/57 df, P < .01). 

Experiment II.—The performance 
data and smoothed curves fit to por- 
tions of the data are shown in Fig. 2. 
The curve-fitting procedure was iden- 
tical to that of Exp. I. All curves 
are again hyperbolic in form. In- 
spection of the initial portion of the 
data shows that the matching pro- 
cedure equated the early performance 
of the five groups. A related-measures 
analysis of variance of matching trials 
performance gave an F <1. Ter- 
minal performance level before rest 
was directly related to amount of 
practice. The index of determination 
was found to be .89 for the fit of the 
smoothed curve to the data of the 
longest prerest practice group. 

The findings bearing on reminis- 
cence in Exp. I were essentially re- 
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Fic, 2. Performance data for all groups: Exp. Il. 


peated in Exp. II. Inspection of 
Fig. 2 and the second portion of 
Table 1 shows that again groups 
receiving the smallest amounts of 
prerest DP showed greatest amounts 
of reminiscence. In Exp. II, however, 
losses over rest (forgetting) occurred 
in the two groups receiving the largest 
amounts of practice. Direct differ- 
ence ¢ values were obtained separately 
for the reminiscence gains (uncor- 
rected for practice effects) for each 
of the five groups. These values were 
4,441, 2.686, 2.227, — .753,and —2.714, 
with 19 df in each case, for the groups 
in order of increasing practice. All 
but the fourth value (24-trial group) 
were significant at or beyond the .05 
level. 

Warm-up scores, defined as for 
Exp. I as the gain in performance over 
the first five postrest trials, are shown 
in the second portion of Table 1. 
Warm-up was found to be greatest in 


the groups with the three highest 
degrees of prerest learning. As for 
Exp. I, warm-up values were also 
corrected for practice effects occurring 
over the first five postrest trials, The 
corrected values were 2.46%, 2.18%, 
10.08%, 11.56%, and 10.81% time 
on target for the groups, given in 
order of increasing amounts of prerest 
practice. Again the two groups with 
the lowest degrees of learning showed 
similar amounts of warm-up and the 
remaining groups showed larger, but 
also similar, amounts. 

The later postrest practice perform- 
ances of the five groups do not appear 
to be systematically ordered. A 
related-measures analysis of variance 
of total performance over the last 
10 trials showed that performance 
differences at this stage were not 
significant (F=2.06, 4/76 df, P>.05). 
Asymptotic performance values for 
each group were also determined from 
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the equations for the fitted curves. 
These values were similar for the 16-, 
24-, and 36-trial groups: 53.34%, 
59.12%, and 53.52% time on target, 
respectively. The indices of determi- 
nation for the fitted curves for these 
groups were .87, .89, and .96, respec- 
tively. The fits for the remaining 
groups were less adequate; the index 
of determination was .27 for the 4-trial 
group and .62 for the 8-trial group. 
For this reason, the asymptotic values 
predicted from the smoothed curves 
may be unreliable, particularly in the 
case of the 4-trial group. These values 
were 70.30% and 65.40% time on 
target for the 4- and 8-trial groups, 
respectively. 


DISCUSSION 


A temporary work inhibition, such as 
Hull’s (1943) Ir, has been conceived to 
build up rapidly with repeated respond- 
ing and to dissipate spontaneously with 
rest. This hypothesis has been quite 
useful in dealing with important motor 
learning phenomena, notably the relative 
depression of performance under MP 
and, as relates to the present studies, 
gains in performance occurring over rest. 
There has been little question of the 
utility and validity of the concept of 
Ir; however, results are accumulating 
which pose difficulty for the concept. 

Studies using highly spaced practice 
conditions apparently do not produce 
the direct relation between reminiscence 
and amount of prerest practice demanded 
by the Zp principle. In both present 
studies and in an earlier study (Jahnke, 
1958), an inverse monotonic relationship 
between reminiscence and amount of 
prerest DP was found. Consistent with 
this finding is that of Buxton (1943), 
who demonstrated, depending upon re- 
sponse measure, either an inverse mono- 
tonic or an inverted U shaped relation 
between reminiscence and level of mas- 
tery. The results of these DP studies 
do not of themselves negate the Ir 
principle. They do, however, show that 
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Ir is not the sole factor in reminiscence 
occurring under DP. Unfortunately, 
the present studies do not indicate 
definitively whether a second process, 
such as forgetting, warm-up, decreased 
motivation (cf. Kimble, 1949, 1950), or 
an asymptote of performance effect 
(cf. Adams & Reynolds, 1954), operated 
to depress performance in the groups 
with higher degrees of learning, or 
whether there is a basic fault in the Ip 
concept. 

Three further points require comment: 
(a) Not only are reminiscence gains 
likely to be less at higher degrees of 
learning, but large performance losses 
(forgetting) may be expected in groups 
receiving sufficiently large amounts of 
DP and long interpolated rest. This 
expectation is congruent with results 
of an earlier study (Jahnke, 1958). 
(b) The results from Exp. I and II are 
compatible with the suggestion that 
warm-up measures corrected for practice 
effects are directly related to degree of 
learning. The data corrected for prac- 
tice effects all suggest that the transition 
from relatively small to relatively large 
amounts of warm-up is abrupt, occurring 
between Trials 17-22 in Exp. I and Trials 
8-16 in Exp. II. (c) The final point 
concerns the estimation of asymptotic 
values from the curves fitted to the 
postrest trials of the present study. It 
will be recalled that the asymptotic 
behavior of the groups of Exp. I sug- 
gested that interruption of practice 
differentially depressed the performance 
of the group with the lowest degree of 
prerest learning, while Exp. II showed 
that this was not necessarily the case. 
In order to check on the possibility that 
the small number of postrest trials of 
Exp. I might have a marked influence 
on predictions of the asymptotes, the 
Postrest data of Exp. II were fitted as for 
Exp. I from the first 21 trials. While 
these curves are not presented here, 
the results confirm those of Exp. I. It 
was found that the asymptotes for the 
groups with the three lowest degrees 
of learning were very similar (46.33%, 
43.63%, and 44.19% time on target 
for the 4, 8-, and 16-trial groups, 
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respectively) and lower than the asymp- 
totes for the two groups with the higher 
degrees of learning (52.48% and 52.97% 
time on target for the 24- and 36-trial 
groups, respectively). Thus, the asymp- 
totic effects noted in Exp. I appear to 
be attributable to the relatively small 
number of postrest trials to which the 
curves were fitted. 

While the results of the experiments 
of this study are not entirely clear on this 
point, it would seem a reasonable con- 
clusion that groups interrupted at dif- 
ferent stages of practice ultimately 
reach similar postrest performance levels 
if sufficient postrest practice is given. 


SUMMARY 


Two experiments were performed to study 
the effect of degree of learning on postrest 
performance on the pursuit rotor. The major 
results were: (a) Both prerest and postrest 
performance data were fitted by a single 
family of curves. (b) Reminiscence was found 
to be an inverse monotonic function of amount 
of prerest distributed practice. The implica- 
tion of this finding for a concept of temporary 
work inhibition which accumulates with prac- 
tice is discussed. (c) While little or no per- 
formance loss over rest (forgetting) was ob- 
served in Exp. I, losses were observed in Exp. 
II. Forgetting occurred in the two groups 


given large amounts of practice, but was 
only in the group 


statistically significant 

receiving most practice. (d) When corrected 
for practice effects, results were found to be 
compatible with the hypothesis that warm-up 
is positively related to amount of prerest 


practice. 
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THE CS-UCS INTERVAL IN CONDITIONING SHORT- 
AND LONG-LATENCY RESPONSES ! 


JOAN E. JONES? 


University of Sydney 


The author has outlined a two- 
principle theory which predicts the 
effects of the CS-UCS interval in 
classical aversive conditioning (Jones, 
1962). In brief, this theory is based 
upon the observation that variation 
in the CS-UCS interval affects the 
temporal relationship between (a) 
the CS and the UCR, and (b) the CR 
and the onset of the UCS. With the 
tentative assumption that UCS-onset 
is the reinforcing event, the effects 
of variations in the CS-UCS interval 
are treated in terms of the joint action of 
the principles of contiguity (CS-UCR) 
and of reinforcement (CR-UCS). In 
both cases a bidirectional gradient 
is assumed to operate such that the 
greater the time interval between 
CS and UCR or CR and UCS the 
less effective the learning. It is 
assumed that the efficacy of condition- 
ing at a given CS-UCS interval re- 
flects the additive combination of the 
overlapping gradients of contiguity 
and reinforcement, 

From this analysis it follows that 
any variation in experimental pro- 
cedure which affects either or both 
of these temporal relationships will 
affect the function relating the CS- 
UCS interval to response strength, 


1 Based on a thesis submitted in partial 
fulfilment of the requirements for the PhD 
degree, University of Sydney, 1959. This 
research was supervised by R. A. Champion 
and part of the apparatus used in this study 
was provided by Commonwealth of Australia 
Research Grant No. 2002, Appreciation is 
expressed to R. B. Bromiley and P, J. Foley 
for their helpful criticisms of drafts of this 
article. 

* Now at the Defence Research Medical 
Laboratories, Toronto, Canada. 


One such factor is the latency of the 
response which is being observed, 
Further, according to the definition 
given, reinforcement cannot have 
effect until the CR is evoked (Jones, 
1962). Therefore, the contiguity of CS 
and UCR assumes prime importance in 
the initial establishing of an overt 
response. As the CR becomes stronger 
reinforcement assumes greater im- 
portance. This leads to the expecta- 
tion that the interval function changes 
during the course of training, so that 
intervals of different lengths yield 
learning curves of different shapes. 
Although the theory also makes 
testable predictions about backward 
conditioning, the present experiment 
is concerned with forward condition- 
ing and was designed to test the fol- 
lowing predictions: (a) When groups 
are trained with a short CS-UCS 
interval they perform relatively well 
initially but then show a decrement 
in performance while groups trained 
with longer intervals show a less 
rapid initial rise but perform relatively 
better later in training. (b) In condi- 
tioning a short-latency response the 
acquisition curve shows a relatively 
rapid initial rise. In the case of a 
long-latency response a higher asymp- 
tote is reached less rapidly. (e) 
Where a response has a relatively 
long latency and there is some 
tendency for the CS to elicit that 
response from the outset a double- 
peaked function relating the CS-UCS 
interval to response strength will be 
obtained. The longer the latency of 
the response, the greater the separa- 
tion of the peaks. (d) When condi- 
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tioning responses which differ in their 
characteristic latency the interval 
function for the longer latency re- 
sponse is less sharply peaked and a 
wider range of intervals is effective. 


METHOD 


The responses selected were finger move- 
ment and the galvanic skin response (GSR). 
As measured in this experiment, the finger 
movement had a characteristic latency of 
200-250 msec. in response to shock (UCS by 
instruction) and of 300-350 msec. to a tone 
(CS). The mean latency of the GSR was 
1500 msec. in response to shock (UCS) and 
2000 msec. in response to tone (CS), Both 
responses were conditioned at the same time 
in each S to ensure that they were acquired 
under identical conditions. Seven Cs-UCS 
intervals were sampled. 

Subjects—The Ss were 126 volunteers 
from an introductory course in psychology 
who were naive regarding the conditioning 
technique. 

Apparatus.—The room containing E and 
the main apparatus adjoined the test room 
which was lined with a sound reducing 
material. The test room was well illuminated 
and circulation of air was maintained by an 
electric fan. The S sat in a comfortable 
chair equipped with arm and foot rests. The 
CS was a 2000-cycle, 75-db. tone of 30-msec. 
duration produced by an electronic oscillator. 
It was presented to S through earphones 
which at the same time muffled other noises. 
The UCS was a spike wave ac shock of 24 v., 
1.60 ma., and 90 cps of 500-msec. duration, 
also produced by an electronic oscillator. The 
shock levels were measured with a 15,000 
ohm resistor in place of S. The shock was 
delivered to S by means of copper electrodes 
in the form of spring clamps 15 mm. wide 
which almost encircled the second and the 
fourth fingers of the right hand. The dura- 
tion of CS, UCS, and interonset interval were 
controlled by electronic timers. On the first 
and the third fingers of the right hand S wore 
thimble-type electrodes of German silver 
30 mm. in length to allow the measurement of 
the GSR. Electrode jelly was used to ensure 
good contact at all electrodes. The GSR was 
measured and amplified by an electronic de 
amplifier of the bridge type supplying a 
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lifted at least 1 mm. a spring caused one 
contact to close, lighting a lamp on E's 
control panel, and a second to open, stopping 
a chronoscope which had started with the 
presentation of the CS. A four-channel ink- 
writing recorder, run at 2 mm/sec, recorded 
the GSR and showed signals corresponding 
to CS, UCS, and finger movement, 2 

Procedure.—The S was seated in the test 
room and informed of the nature of the stimuli 
to be presented, The only instruction was to 
raise the fingers of the right hand from the 
rest as quickly as possible whenever the shock 
was felt. 

Two pretraining trials were administered to 
each S, the first of which was a UCS (shock) 
alone, and the second a CS (tone) alone trial, 
These served to familiarize S with the stimuli 
and showed whether either response was 
evoked by the CS before training. Twelve 
training trials followed. These comprised 
three blocks (a, b, and c) each consisting of 
three paired presentations of CS and UCS 
and one test trial (CS alone). The test trial 
was placed second, third, and fourth in Blocks 
a, b, and c, respectively, and the order of 
presentation of the blocks was varied for 
different Ss to yield six orders in all, Each 
order was used for 3 Ss in each treatment 
group of 18. The intertrial interval was at 
Teast 60 sec, and varied upward of this 
according to the time taken for S's skin 
resistance to reach a steady level. ‘The 
interval was rarely greater than 75 sec. and 
never exceeded 90 sec. Acquisition curves 
were obtained showing CR strength measured 
on Test Trial 1 after 1, 2, or 3 (an average of 2) 
reinforced trials, on Test Trial 2 after 4, 5, 
or 6 (average 5), and on Test Trial 3 after 7, 
8, or 9 (average 8) reinforced trials. Seven 
groups were trained, one under each of the 
following CS-UCS intervals: 20 + 5, 235, 
440, 660, 860, 1045, and 1245 msec. 


RESULTS 


The method used for recording 
finger movement yielded only a pres- 
ence/absence measure SO that the 
index of the strength of the finger 
CR is the frequency of response 
evocation. The amplitude of the GSR 
was recorded as a change in conduct- 
ance and scores were obtained by 
expressing these measures as a propor- 
tion of S’s pretraining response to the 
CS. This procedure allowed for 
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TABLE 1 
ANALYSES OF VARIANCE OF GSR AMPLITUDES 


Source df MS F 
CS-UCS interval 6 | 21.40 | .73 
Error (between Ss) | 119 | 29.40 
Amount of training 2 0.48 | .26 
Interval X ‘Training 12 3.74 |2.03* 

l Error (within Ss) 238 1.84 
, Total 377 


*P <05. 


individual differences in responsive- 
ness and equated the groups in the 
pretraining period. A frequency meas- 
ure was derived by taking scores 
greater than the median of those 
obtained from all 126 Ss on the three 
test trials, 

An analysis of variance of the GSR 
amplitude data, summarized in Table 
1, yielded a significant interaction 
between interval and training (P <.05 
and just greater than .01). Figure 1 
shows that the character of this effect 
is not one of simple divergence of the 
learning curves but is one of difference 
in shape. The shorter-interval groups 
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reach their maximum performance 
earlier in training than do the longer- 
interval groups. Group VI, however, 
does not show the improvement in 
Trial 3 which is characteristic of the 
curves for Groups IV, V, and VII. 
It is however, unlike the curves for the 
three shorter-interval groups which 
characteristically show a decline on 
later trials. Kendall's tau (r) was 
calculated from a ranking of the seven 
groups in order of mean performance 
and an arbitrary ranking in order I to 
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x? ANALYSIS OF FREQUENCY OF 
Fincer CRs 


Source bad df 

CS-UCS interval 

(1) X Response 

occurrence (R) 12.21 6 
Amount of training 

(T) XR 0.81 2 
Response latency 

(Ly XR 96,39** 1 
IXTXR 10.35 12 
IXLXR 13.32* 6 
ECL UR 16.49** 2 
IXTXLXR 7.68 12 
Total 157.25** 41 

—  _<t - 3 H N 
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VII on each of the three test trials. 
The obtained values of + were .33, 
24, and —.41, The trend in the 7 
values may be taken as an objective 
index of the expected form of inter- 
action, the theoretical expectation 
being that they will change from 
+1.00 to —1.00 over an extended 
period of training. 

The frequency data for finger 
movement were analyzed by parti- 
tioning of x* (Sutcliffe, 1957). The 
Interval X Training interaction failed 
to reach the 5% level of significance 
but was of essentially the same kind 
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as obtained in the GSR data, 7 being 
.65, .41, and .24 on successive test 
trials. 

Frequency data for the two re- 
sponses were treated in one analysis 
which is summarized in Table 2. The 
Interval X Latency X Occurrence in- 
teraction was significant at the 5% 
level and the Training X Latency 
X Occurrence interaction at the .1% 
level. The former interaction, shown 
graphically in Fig. 2, indicates that 
the interval effect differs in the case 
of the two responses. The significance 
of this interaction may have been 
enhanced by summing over trials 
(“‘nonindependent” measures), How- 
ever, the same effect appears in the 
analysis of the number of Ss respond- 
ing (below) which analysis does not 
suffer the same defect. The Training 
X Latency X Occurrence interaction 


TABLE 3 
xè ANALYSES OF THE NUMBER OF 
Ss RESPONDING 
Source = 4 
es aS 
CS-UCS interval 
(1) X Number of 
responders ( ) 11.25 6 
Response latenc: 

B xN A 25,62** 1 
IXLXN 16.68" 6 
ae — 
Total 53.55** 13 
J See 


*P <.05. 
+p <.001. 
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Fic. 3. The acquisition of conditioned GSR 
and finger movement. 


(Fig. 3) indicates that the learning 
curves characteristic of the responses 
differ in shape, Many more condi- 
tioned GSRs were obtained than con- 
ditioned finger movements, as indi- 
cated by the Latency X Occurrence 
interaction which was significant at 
the 1% level. 

The frequency data were also 
compiled in the form of the number 
of Ss responding on one or more test 
trials during the training period, 
Table 3 summarizes the analysis and 
the Interval X Latency X Respond- 
ers interaction (.01 <P < 02) is 
shown in Fig. 4. Inspection of Fig. 4 
indicates that the efficacy of intervals 
greater than 235 msec, declines mark- 
edly for finger movement while no 
such marked falling off is evident 
for the GSR, Separate analyses 
showed the interval effect to be 
highly significant for finger movement 
(x? = 109.4, df= 6, P<.001) but not 
for GSR (x? = 5.2, df = 6, P ~ 50). 
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Discussion 


The results of the experiment support 
the interpretation of the effect of the 
CS-UCS interval in terms of the joint 
action of the gradients of contiguity and 
reinforcement. All four predicted effects 
were found. 

Prediction a—The amplitude data for 
the conditioned GSR showed that the 
shape of the learning curve was affected 
by the interstimulus interyal used in 
training, short intervals giving a more 
rapid initial rise but a less well-sustained 
performance than longer intervals. A 
similar relationship appeared in the 
frequency data for finger movement but 
failed to satisfy the 5% level of con- 
fidence. This failure probably results 
from the insensitivity of the frequency 
measure. Further confirmation of Pre- 
diction a may be found in the literature. 
The curves presented by Moeller (1954) 
for GSR and McAllister (1953) for eye- 
blink show that longer-interval groups 
approach their performance asymptote 
at an initially slower rate than shorter- 
interval groups. Backward condition- 
ing is treated by the theory as a case 
of true conditioning with a curve simi- 
lar to that expected with very short 
forward intervals, i.e., showing a brief 
initial rise followed by a gradual decline, 
A curve such as this is described by 
Spooner and Kellogg (1947). In pre- 
senting the results above it was noted 
that Group VI, which was trained with 
an interval of 1045 msec., did not con- 
form to neighboring groups conditioned 
with 660, 860, and 1245 msec. in that it 
showed no evidence of positive accelera- 
tion. This discrepancy does not appear 
to be attributable to a sampling varia- 
tion. Apparently an unidentified ex- 
‘traneous factor is affecting the rate of 
acquisition at this interval. 

Prediction b—Learning curves for the 
two responses differed, finger CRs (short 
latency) being most frequent early in 
training while conditioned GSRs (long 
latency) continued to increase in fre. 
quency throughout the training period 
(Fig. 3). 

Prediction c—The GSR fulfils the 
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conditions specified for the appearance 
of a double-peaked function (all Ss 
responded to the CS before training) 
and inspection of Fig. 2 and 4 show that 
peaks or optima were found at 440 and 
1045 msec. If the incongruous acquisi- 
tion curve obtained with the 1045 msec.- 
interval should be found to be due to an 
extraneous factor, the second peak might 
be disturbed, at least early in training. 
Similar findings have been reported by 
Wickens, Gehman, and Sullivan (1959) 
who conditioned the GSR and obtained 
an optimum of 500 msec. with a second 
peak at 1500 msec. Other Es (Bierbaum, 
1958; Moeller, 1954; White & Schlos- 
berg, 1952) used too few intervals in the 
critical range to identify a second peak. 
In the present experiment a slight second 
peak in the function was obtained with 
finger movement. This was unantici- 
pated as Ss included in the study did not 
give a measurable response to the CS 
before training. A more sensitive meas- 
uring device may have detected a re- 
sponse in some Ss. This is likely in view 
of the fact that Ss were instructed to 
respond to the shock. The distance 
between the peaks (235 and 660 msec.) 
was less with finger movement than with 
GSR, in accordance with the prediction 
that the longer the response latency the 
greater the separation of the peaks when 
they occur, 

Prediction d—The functions relating 
CS-UCS interval to measures of CR 
strength differed as Predicted, a more 
sharply peaked function being obtained 
for finger movement than for the GSR 
(Fig, 2 and 4), i.e., a narrower range of 
intervals was effective in conditioning 
the response of shorter latency. 

? The difficulties faced by other theorists 
in accounting for these effects in terms 
of the constructs they have proposed, 
namely, Hull’s (1952) stimulus trace, 
Guthrie's (1935) proprioceptive stimula- 
tion, Hilgard and Marquis (1940) rein- 
forcement principle, and the grouping of 
stimulus events in cognitive-type theories 
(eg, Tolman, 1932) have been dis- 
cussed elsewhere (Jones, 1962). Briefly, 
none of these accounts can explain the 
obtained differences in interval functions 
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for responses differing in their latency 
nor do they anticipate the changes in 
pattern among the curves of acquisition 
for the various intervals. The basic 
difference between these theories and the 
present one is that, while they rely 
on only one principle, either contiguity 
or reinforcement, in their account of the 
CS-UCS interval, this theory explains 
the effect in terms of the joint action of 
the two principles, 


SuMMARY 


An experiment was conducted in which a 
short- and a long-latency response were condi- 
tioned at the same time in seven groups of 18 
Ss, each group trained with a different CS-UCS 
interval, ranging from 20 to 1245 msec. The 
shapes of the learning curves obtained varied 
with the interval employed and the latency 
of the response being observed. The vari- 
ations were consistent with predictions 
based on the two-principle theory of classical 
aversive conditioning. Differences between 
the functions relating performance to the 
CS-UCS interval for the two responses were 
also consistent with the theory. 
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THE RETENTION OF INDIVIDUAL ITEMS: 


BENNET B. MURDOCK, Jr. 


University of Vermont 


The present paper reports a study 
of the short-term retention of indi- 
vidual verbal items. A study by 
Peterson and Peterson (1959) pro- 
vided the starting point for the present 
experiments. In this study a single 
consonant syllable was presented to 
S, then immediately followed by a 
three-digit number. The S had to 
repeat the number, count backward 
by 3's or 4’s at a 1-sec. rate for any- 
where from 3 to 18 sec., then recall 
the original syllable. The results 
showed that the probability of recall 
decreased exponentially with dura- 
tion of interpolated activity and 
approached an asymptote very close 
to zero. 

Three experiments will be reported. 
Experiment I both replicated the 
original Peterson and Peterson (1959) 
study and investigated the effect of 
varying the nature of the to-be- 
remembered item. Experiment II 
was a study of short-term proactive 
inhibition (PI) which investigated the 
effect of varying the number of items 
preceding the to-be-remembered item. 
Experiment III studied the effect 


of varying the rate of the interpolated 
activity. 


EXPERIMENT [ 
Method 


This experiment was conducted in four 
successive sessions spaced about 4 weeks 
apart. Session 1 was a replication of the 
Peterson and Peterson (1959) study. The 
procedure was identical to theirs except for 
the following conditions: (a) the duration of 


1 This study was Supported by a research 
grant, M-3330, from the National Institutes 
of Health. Cynthia Marvin conducted many 
of the experiments and helped in the analysis 
of the results. 


the interpolated activity (i.e, counting 
backward) was 0, 3, 6, 9, 12, or 18 sec. ; thus, 
we substituted the 0-sec. interval for the 15- 
sec. interval; (b) the metronome was set at 
rate of 1 beat/sec instead of 2 beats/sec; (¢) 
the zero point of the interpolated activity was 
considered to begin with the first beat of the 
metronome following the presentation of the 
nonsense syllable; and (d) all Ss were given 
sufficient preliminary practice on the inter- 
polated activity to enable them to count 
backward accurately, As in the Peterson 
and Peterson (1959) study both latency and 
accuracy of response were recorded, the 
consonant syllables were selected from the 
same pool, and the same controls (counter- 
balancing of syllables among conditions and 
conditions among stages of practice) were 
employed. 

Session 2 was an exact duplication of 
Session 1 except for the to-be-remembered 
items. Instead of consonant syllables the 
items were single, monosyllabic, nonhomo- 
Phonic words selected from the Thorndike- 
Lorge (1944) list of the 1000 most common 
words in the English language. 

To test whether the large differences ob- 
tained between the results of Sessions 1 and 
2 could be attributed simply to the number of 
“chunks” of information (i.e., three unrelated 
letters in the first session or one common word 
in the second session 3 see Miller, 1956) Session 
3 was an exact duplication of Sessions 1 and 2 
except that the to-be-remembered items were 
word triads. That is, on each trial S was 
presented three monosyllabic nonhomophonic 
words from the same pool as above. In 
selecting the word triads the only stipulation 
was that the three words could be clearly 
spoken in the same length of time (i.e., 1 sec.) 
required to say the three letters of the 
consonant syllables of Session 1. 

As both accuracy and latency of recall 
Were used as dependent variables, Session 4 
was conducted to determine whether the 
duration of the interpolated activity itself 
would affect response latency. No stimulus 
item other than the three-digit number was 
Presented; S was merely required to say 
. Stop” as quickly as possible after the 
interpolated activity (counting backward) 
Was terminated. 


The same Ss were used in all four sessions; 
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they were students of both sexes from the 
introductory. psychology course who were 
fulfilling a course requirement. There were 
24 Ss in each of the first three sessions and 
20 Ss in the fourth session. 


Results 


The results of Session 1 clearly 
confirmed the results of Peterson and 
Peterson (1959). They presented 
their results in terms of the proportion 
of correct responses occurring with 
latencies less than 2.83 sec. (the over- 
all mean latency for all correct 
responses). We analyzed our results 
in the same way and compared them 
with the values predicted by the 
formula given in Peterson and Peter- 
son (1959, Fig. 3, P- 195). The 
differences between the results pre- 
dicted by this formula and the results 
actually obtained in Session 1 were 
small and nonsystematic; the mean 
(algebraic) difference in proportion 
was —.025. 

The mean proportion recalled at 
each retention interval is shown in 
Table 1. These results include all 
correct responses regardless of latency. 
To receive credit for a correct response 
in Sessions 1 and 3, S had to recall 
all three consonants or words in the 
correct order. Clearly, in all cases 
forgetting increased with the duration 
of interpolated activity, and with the 
longer retention intervals there was 
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TABLE 1 


MEAN Proportion OF CORRECT RECALLS AT 
Each RETENTION INTERVAL! 


Exe. I 
Session | | Session 2 | Session 3 
Retention |. Trias! |. VOPR M Mesa es 
Interval 
Mean! SD | Mean| SD | Mean| SD 
94 | 11 | .98 | .04 | .93 10 
:77 | 15 | .99 | .03 | .73 | -21 
“40 | 18 | .96 | .07 | 39 | .23 
26 | 19 | .91 | .10 30) T E 
"94 | 14 | .86 | .11 | .31 bra 
“16 | 12 | .84 | .14 | .23 16 


very little recall in Sessions 1 and 3. 

As a simple statistical test, for each 
S we determined the total number 
of items recalled (maximum of 48) 
over all retention intervals. The 
mean values were 22.1, 44.3, and 
23.0 items with SDs of 3.86, 1.99, and 
5.98 for Sessions 1 to 3, respectively. 
The difference between Sessions 1 and 
3 was not significant (t = 0.94), but 
the difference between Session 2 and 
the other two combined was highly 
significant (t = 24.9, P < .001). 

An analysis of the latency data 
substantiated the above results. The 
mean latencies are shown in Table 2 
and, in general, latencies increased 
with the duration of the retention 
interval. An analysis of variance of 
the results of Session 4 showed that 


TABLE 2 


Mean LATENCY OF CORRECT RECALLS 


at Each RETENTION InrervaL: Exe. I 


ion 1 Session 2 Session 3 Session 4 
Retention ccs Trigrams Words Word Triads Simple RT 
Interval - 
Mean SD Mean SD Mean SD Mean SD 

z .91 0.97 1.13 0.30 1.63 0.28 1.06 0.26 
3 Bet. dol 0.64 1.32 0.31 2.02 0.67 0.85 0.17 
6 sec, 2,45 1.01 1.51 0.55 2.32 0.74 0.86 0.18 
9 sec. 3.16 1.21 1.61 0.58 2.40 0.72 0.90 0.18 
12 sec. 2.49 0.91 1.59 0.62 2.63 1.06 0.92 0.19 
18 sec. 3.04 1.18 1.69 0.65 2.79 1.20 0.92 0.25 
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TABLE 3 


MEAN PROPORTION or CORRECT RECALLS AT 
EACH RETENTION INTERVAL: 


Exp, II 
h Number of Prior Words 

Renton | $$ Mean 

0 3 6 3 12 
O sec. | .995/1.000] .985 | .985 | .974 988 
3 sec. |1.000] .959] .927 | 948 | ‘960 -960 
6 sec. | .953} .834| .896 | 901 | (865 890 
9 sec. | .938] .844] .860 | ‘340 -875 | .873 
12 sec. | .938| .771] .834 | 818 | ‘860 844 
18 sec. | .907| .823] .802 | 828 +823 | .836 

Mean | .955| .872| .884 | .888 894 
the duration of the interpolated 


activity did have a Significant effect 
(F = 25.14, P < -001), but most of 
the difference was due to the 0-sec, 
retention interval. Thus, the “true” 
values for the 0-sec. interval for the 
first three sessions should be slightly 
lower than those reported. The 
corrections for differences among the 
remaining retention intervals are 
probably too slight to bother with, 

To summarize the results of Exp, 
I: (a) they confirm the previous 
findings of Peterson and Peterson 
(1959) ; (b) they show that, for three 
types of items, forgetting, whether 
measured by accuracy or latency, 
increased with the duration of the 
interpolated activity; and (c) they 
show little difference between the 
retention of three consonants and 
three words but marked differences be- 
tween the retention of three “chunks” 
and one word, The possible con- 
founding of intersession practice ef- 
fects will be considered with the 
results of the next experiment, 


EXPERIMent II 
Method 


This experiment was a study of short- 
term PI. As in Session 2 of Exp. I the stimu- 
lus items were single monosyllabic non- 
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homophonic words, A given item was pre- 
ceded by 0, 3, 6, 9, or 12 words, also from the 
Thorndike-Lorge list of the 1,000 most com- 
mon words. The preceding words were read 
at a l-sec. rate, but always S wa sked to 
recall only the stimulus item. The inter- 
polated activity was, as in Exp. I, counting 


backward for 0, 3, 6, 9, 12, or 18 sec. Each § 
was tested under all conditions. The 5 xX 6 
design (five levels of prior words, six retention 


intervals) required 30 trials (lists) for one 
replication, and there were eight replications 
in all. Thus, each S was given a total of 240 
trials, 60 on each of 4 days. There were 24 Ss 
from the same population as before. 

In all other respects the procedure was 
identical with that of Exp. I. There was 
complete counterbalancing of conditions with- 
in Ss and stimulus material across Ss, That 
is, there were eight blocks of 30 trials each so 
that the experimental conditions appeared 
equally often at all stages of practice. Within 
each block the order of the 30 trials was 
tandomized. Each specific stimulus item was 
assigned equally often to each retention 
interval and, so far as possible, to edch level 
of number of prior words. The Specific words 
Preceding the stimulus item were random- 
ized by starting at a different place on the 
mimeographed word list for each S. 


Results 


An analysis of intersession practice 
effects showed that the proportion 
of words correctly recalled over the 
4 days were 87, .87, .92, and .93, 
respectively. Although the magni- 
tude of the improvement was rela- 


TABLE 4 


MEAN Latency of Correct RECALLS AT 
Eacu RETENTION | NTERVAL: 


Exp. II 
Number of Prior Words 

‘neva Mean 

0 3 6 9 12 
0 sec. | 0.90 | 1.01 0.98 | 0.97 | 1.01 | 0.97 
3 sec. | 1.09) 1.12 | 1.17 | 1.16] 117] 1.14 
G sec. | 1.20 | 1.27 | 1:33 | 1.24 | 1.29 | 1.27 
9 sec. | 1.26 | 1.31 | 1.35 | 1.47 | 1.26 | 1.33 
12 sec. | 1.19 | 1.33 | 1:35 | 1.29 | 1.31 | 1.29 
18 sec. | 1.32 | 1.35 | 1.37 | 143 | 1.40] 1.37 
Mean | 1.16] 1.23 | 1.26 | 1.26 | 1.24 
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tively slight, it was consistent enough 
to be highly significant (F = 9.12, 
P < .001). In Exp. I the proportion 
of correct recalls for the first session 
(consonant syllables) was .46, and 
the proportion of correct recalls for 
the third session (word triads) was 
48. Since the slight improvement 
was about what would be expected 
by practice effects alone, the con- 
founding of practice effects and stimu- 
lus items probably does not affect 
the conclusion that consonant syl- 
lables and word triads were equally 
well recalled. 

The mean proportion of correct 
recalls, regardless of latency, at each 
retention interval in Exp. II is shown 
in Table 3, and the mean latency of 
correct recalls is shown in Table 4. 
Analyses of variance showed that, 
for each measure, both variables 
(number of prior words and retention 
interval) were significant at at least the 
.01 level. As the retention interval 
increased, accuracy decreased and 
latency increased. As the number of 
prior words increased, accuracy de- 
creased from 0 to 3 words, then in- 
creased slightly but consistently from 
3 to 12 words. As the number of 
prior words increased, latency in- 
creased from 0 to 3 words but then 
stayed relatively constant from 3 to 
12 words. 

When the control condition (0 
prior words) is omitted, there were in 
all 264 extralist intrusions, 161 intra- 
list intrusions, and 81 omissions. 
Thus, the number of extralist intru- 
sions, intralist intrusions, and omis- 
sions occurred in approximately the 
ratio 3:2:1. An intralist intrusion 
was considered to be one of the words 
preceding the to-be-remembered stim- 
ulus item, an extralist intrusion was 
any other word, and an omission was 
a failure to respond. An analysis of 
the intralist intrusions showed that 
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almost half (74, or 46%) of these 
intrusions were the word immediately 
preceding the to-be-remembered stim- 
ulus item, and in general the per- 
centage decreased with increasing 
remoteness from the stimulus item. 

If the control group is included, 
there were in all 324 extralist intru- 
sions. Of these 324 intrusions 98 
(30%) were words that had been 
correct on one of the preceding trials, 
86 were classified as having been 
mispronounced by S, 10 were obvious 
associations or synonyms of the cor- 
rect response, and 130 were unclassi- 
fiable. Of the 98 intrusions from 
previous trials 58 had been correct 
on the immediately preceding trial, 
13 on the preceding trial once re- 
moved, and the number decreased 
regularly with increasing remoteness. 
Thus, in general the analysis of 
the errors showed marked recency 
effects for both intralist and extralist 
intrusions. 

To summarize, the results of Exp. Il 
showed that proactive inhibition does 
occur in the short-term retention of 
individual items but (at least for 
accuracy) appears to be a U shaped 
function of number of previous words. 


EXPERIMENT III 
Method 


This experiment was a study of the effect 
of different rates of interpolated activity on 
short-term retention of individual items. 
For this purpose counting backward did not 
seem to be a suitable type of interpolation; 
Ss could not easily count faster than a 1-sec. 
rate, and a slower rate might allow rehearsal 
of the original item. ‘Therefore, a new pro- 
cedure was devised. A list of words of un- 
known length was read to S, and S was in- 
structed to remember both the first and the 
last three words in the list. Requiring S to 
remember the last three words seemed to 
prevent rehearsal of the first word. 

A preliminary experiment was conducted 
to test the feasibility of this method. There 
were lists of six different lengths: 4, 7, 11, 16, 
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21, and 31 words, all nonhomophonic words 
from the Thorndike-Lorge 1,000 most com- 
mon. There were 10 counterbalanced repli- 
cations of the six lengths for a total of 60 
trials (or lists) in all. Group testing was 
used, and all words were read in time with an 
electric metronome beating at a rate of 1 
beat/sec. After each list had been read Ss 
had 20 sec, in which to write down the first 
and last three words of the list. A “ready” 
signal preceded by 2 sec. the start of each list. 
There were 29 Ss from the same population 
as before, all tested in a single session. 

An analysis of the results of this pre- 
liminary experiment showed that, with one 
reversal, the proportion of correct recalls 
of the first word decreased as list length 
increased. The minimum Proportion was 
841 for the 31 word list. Statistically, the 
effect of list length was highly significant 
(F = 5.81, P <.001) and, in general, the 
results were quite comparable to the anal- 
ogous data on single words in Exp. I and 
Il. Therefore, it was decided to use this 
method to study the effect of rate of inter- 
polation on short-term retention. 

The main experiment was conducted in 
three sessions and followed closely the pro- 
cedure of the preliminary experiment, In 
Session 1 there were six list lengths: 4, 7, 10, 
13, 16, and 19 words. The metronome was 
beating at a rate of 2 beats/sec ; starting 
with the second beat after the first word had 
been read the remaining words were read 
either at every beat, every other beat, or 
every fourth beat, 
word was presented for 1 sec. and the remain- 
ing words were read at a rate of either 2, 1, 


54 trials (or lists), 
was randomized within each replication. 

In Session 2 (actually requiring 2 days to 
Complete) there were three list lengths (7, 
13, and 19 words) but five different rates, 
The metronome was set at a rate of 2.5 beats/ 


every other beat, 
fourth beat, or every fifth beat. 


each replication, 

In Session 3 there were six list lengths (4, 
7, 10, 13, 16, and 19 words) but only two 
different rates. The metronome was set at a 
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rate of 2.0 beats/sec, and the entire list was 
read either at a rate of one word every beat or 
one word every third beat. Thus, the two 
rates were 2.0 and 0.67 words/sec. These 
two rates were selected on the basis of the 
results of Session 2 as those which should 
yield maximum differences, At the slower 
rate Ss would have more time to rehearse 
the first word before the rest of the list started; 
this confounding was deliberately introduced 
in a further attempt to maximize the differ- 
ences between the two rates. There were 
five replications for a total of 60 trials, and 
the order of presentation was randomized 
within each replication. 

Group testing was used throughout. The 
Same Ss were tested in all three sessions 
(though not in the preliminary experiment), 
They were 27 students from the Same popu- 
lation as before; however, only 21 were tested 
in Session 3. 


Results 


In each of the three sessions the 
Proportion of correct recalls decreased 
as the retention interval increased. 
Analyses of variance showed that the 
effect was statistically significant at 
beyond the .001 level in all three 
cases. 

In Session 1, the proportions of 
correct recalls were .827, .860, and .829 
for the rates of 0.5, 1, and 2 words/ 
sec, respectively. An analysis of 
variance showed that the differences 
were not statistically significant 
CA<AOOE ini). Session 2, the 
Proportions of correct recalls were 
909, .940, .918, .963, and .946 for 
words read every 1, 2, 3, 4, and 5 

ts, respectively, Again, the dif- 
ferences were not Statistically sig- 
nificant (F= 2.10, P>.05), In 
Session 3, the Proportions of correct 
recalls were almost identical for the 
two conditions (.894 and -895). Thus, 
there seems little doubt that, under 
the conditions of this experiment, 
the rate of interpolation is not an 
effective variable governing the short- 
term retention of individual items. 

In Exp. Il, Ss were asked to recall 
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not only the first word but also the 
last three words. Since varying num- 

| bers of words preceded the last three 

| words, an analysis of the recall data 
of the last three words as a function 
of number of preceding words can 
give further information about short- 
term proactive inhibition effects. The 
proportion of correct recall of the last 
three words is shown in Table 5. 
These results show exactly the same 
pattern as those of Exp. II (see Table 
3); an initial drop followed by a 
vradual rise. The rise from 4 to 16 
preceding words was reasonably linear, 
and the least-squares regression line 
of the means (bottom row of Table 5) 
had a slope significantly greater than 
zero (t=4.76, df=3, P<.02). Thus, 
these results confirm the conclusion 
of Exp. I1; PI first increases but then 
decreases as the number of previous 
words increases. 

An analysis of the errors showed 
omissions of 54%, 63%, and 64% ; 
extralist intrusions of 28%, 25%, and 
18%; and intralist intrusions of 18%, 
12%, and 18%, each for Sessions 1, 2, 
and 3, respectively- Averaged across 
sessions the mean number of omis- 
sions, extralist intrusions, and intra- 
list intrusions were 60%, 27%, and 
12%, respectively. The correspond- 
ing values from Exp. II were 16%, 
52%, and 32%, respectively. Thus, 


TABLE 5 


MEAN PROPORTION OF CORRECT RECALLS OF 
THE LAST THREE WORDS: 
Exp. II 


Number of Preceding Words 


Session 
1 4 ¥ 10 13 16 
1 | .938 | .827 | .846 | .866 | .863 | -885 
P| r | — | 1887] —, | 898 
2 | 916 |1867 | .890 | .895 | -892 | .905 
Mean |.927 | .856 | .868 | -883 | .878 | .896 
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TABLE 6 


MEAN Proportion or Correct RECALLS oF 
Eacu OF THE Last THREE WORDS: 


Exp, Ill 
a 
Word 
Session. —— 
Last—2 | Last—1 | Last 
Prelim, exp. 784 914 977 
1st Session 761 1884 966 
2nd Session 770 | .916 974 
3rd Session 801 906 974 
Mean 779 | .905 973 


in Exp. III there were far more omis- 
sions and far fewer intrusions than 
in Exp. II. In Exp. Il the interfering 
words preceded the to-be-remembered 
word while in Exp. IlI the interfering 
words?followed the to-be-remembered 
word; this difference in procedure 
may have been responsible for the 
different ratios of omissions to intru- 
sions found in the two experiments, 

There was a definite serial position 
effect in the recall of the last three 
words. Table 6 shows the proportion 
of correct recalls of the first, second, 
and third of these last three words 
(the third word being the last word 
in the list). The data show the 
typical serial position effect of free 
recall (Deese & Kaufman, 1957); 
there appears to be rather little 
interexperiment variability. 

To summarize, the results of Exp. 
III showed no effect of rate of inter- 
polation on short-term retention but 
confirmed the PI findings of Exp. Il 
(and also see Rouse, 1959). 


Discussion 


The results of the present experiments 
substantiate and extend the previous 
word of Peterson and Peterson (1959). 
With an appropriate interpolated ac- 
tivity, the forgetting of an individual 
item will increase over a retention inter- 
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val measured in seconds. F urther, the 
interpolated’ activity evidently need not 
be highly similar to the to-be-remem- 
bered stimulus item; there would appear 
to be little formal similarity between the 
three-digit numbers used in counting 
backward and the consonant syllables, 
single words, and word triads used in 
Exp. I and II. 

Given this low similarity, it would 
seem unlikely that the interpolated 
activity would interfere with the reten- 
tion of the stimulus item in the same 
sense that, for instance, an A-C list 
interferes with the retention of an A-B 
list in paired-associate learning. How- 
ever, the interpolated activity presum- 
ably prevents rehearsal of the item, and 
the results consistently showed that the 
more time that elapsed without rehearsal 
the poorer the retention, Thus, the 
results of the various experiments using 
the counting backward asan interpolated 
activity would seem to be more com- 
patible with a decay theory than with an 
interference theory of forgetting. 

On the other hand, the results of Exp. 
TH (using, of course, a quite different 
interpolated activity) showed that the 
rate of interpolation was not a significant 

determining forgetting. Given 

4 constant number of interfering items, 
time required to present these 
hence the time for decay 
vary over a range of 
oe ped still produce 
same amount ol tting. Since 

in Exp. III it was the raha ot inter- 
ted items and not their rate of 
presentation that was the critical vari- 
able, these results are more compatible 
with an interference than with a 
decay theory. Thus, taken as a whole, 
the present experiments do not provide 
unambiguous Sipport for either a decay 
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read the greater the probability that 
recall of the most recent word or words 
will be tested; Ss can react accordingly, 
Although such a possibility cannot þe 
completely ruled out it seems unlikely 
for two reasons: (a) As Table 5 shows, 
the PI function in Exp. III was essen- 
tially the same in Session 2 as in Sessions 
1 and 3. However, the uncertainty 
about list length was only half as great 
in Session 2 and, as Pollack, Johnson, 
and Knaff (1959) Suggest, behavioral 
strategy would vary with degree of 
certainty. (b) During the course of each 
session Ss would gradually acquire a 
knowledge of the particular list lengths 
used, and this knowledge should facili- 
tate the behavioral strategy. However, 
in Exp. III there was nothing approach- 
ing a significant practice effect, either 
in the preliminary experiment or in 
Sessions 1-3. 

Finally, it is worth noting again the 
large differences in the retention of 
consonant syllables and word triads 
in one case, and individual words in the 
other case. Over the retention intervals 
studied, the proportion of correct recalls 
dropped to about .20 for the former and 
about .80 for the latter, It can be argued 
that the consonant syllables and word 
triads are three items to be remembered 
while an individual word is only a single 
item. If this is so, then, the number of 
items to be remembered would seem 
to be a significant variable in short-term 
retention. 


SUMMARY 


Three experiments were conducted on the 
short-term i indivi 


iea may be a significant våriable in short- 
erm 
strated ficant proactive inhibition 
effect and suggested that the effect may be a 
of number of preceding 
items, Experiment II showed that the rate 
of interpola: activity did not have a signifi- 
aac -term retention. 
implications for a decay theory and an inter- 
of forgetting were briefly 
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SUPPLEN =NTARY REPORT: PERCEPTION OF STIMULI OF 
VARYING DIMENSIONALITY 
PAUL G. SHINKMAN1 
IBM Research Center, Yorktown Heights, New York 
Anderson and Fitts (1958) found that more sions, in each of which 81 stimuli occurred 
information was transmitted by numerals for each of Cond. N, C, P, and AP. Part Il] 
Superimposed on color patches than by either also involved 5 Ss for three sessions each, this 


. and § 
wrote down what he saw. With numbers 
nd colors alone, the stimuli had from 
3 to 8 positions in a row, 
symbol fı 


There 
(0 through 9 
their results, 


» and 9 numerals 
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istance of 
‘as used here 
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within 8’ of arc of 


A Harva 
and Ss were 2. 
in size, 
the present stimulus was 
the original. (b) Anderson and Fitts pro- 
vided 38 ft-c of illumination and a gray 
wash-out field, whereas the tachistoscope 
was illuminated by 10 ft-c, and had a pre- 
and Posure field of brightness roughly 
equal to that of the exposure field. (c) The 
present experiment was S-paced with E 
recording S's y, fi i 
In the 
own his responses, 
er order suited him, 

iscussion.—Table 1 shows 
mitted, by symbol position 
The results of Part I are 
ginal Anderson and Fitts 
present data show a more 


information trans 
and condition. 
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TABLE 1 
AVERAGE INFORMATION GAINED IN BITS 
Symbol Position 
Part Condition Meer 
Symbol 
1 2 3 4 5 6 
I Numerals 3.03 2.74 2.55 1.45 90 1.37 2,01 
Colors 2.85 | 2.66 | 1.84 89 43 40 1.51 
Pairs 
Numerals 2,49 1,77 2.09 212 
Colors 2.99 2.86 2.65 2.83 
II Numerals 3.09 B92 2.42 1.68 1.29 1.76 2.16 
Colors 2.98 | 2.91 | 2.19 | 1.29 179 67 1.80 
Pairs (Adjacent) 
Colors/Numerals 2.84 | 2.60 | 2.52 | 1.95 | 1.44 | 1.58 2.16 
Pairs (Superimposed) 
Numerals 2.65 2.26 2.43 2.45 
Colors 3.10 | 3.02 | 2.93 3.02 
mI Pairs (Superimposed) 
Numerals 2.88 2.31 2.43 2.54 
Colors 3.09 3.08 3.03 3.07 
Pairs (Expanded) 
Numerals 1.80 2.37 1.37 1.85 
Colors 3.00 3,06 2.85 2.97 


_ Note.—Averages based on data computed separately for each S. Part I: 5 Ss, 486 responses per S per condi- 
tion; Part II: 5 Ss, 243 responses per S per condition; Part III: same as Part I. 


done in the original work involves the assump- 
tion that errors are independent. For 
example, transposition errors, which actually 
transmit information, do not contribute to the 
obtained estimate of information transmis- 
sion. On the basis of a pilot study in which 
transposition errors occurred with an only 
slightly greater than chance frequency, 
Anderson and Fitts argued that the cor- 
responding bias in information estimation is 
negligible. In the present experiment, how- 
ever, the obtained proportion of transposition 
errors among all adjacent pairs of errors was 
.124, compared with a chance expectancy of 
less than .016. This finding suggests that 
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transposition errors and other positional 
bias effects are important in a perceptual 
task of this sort. 

In general, the present results show that 
the Anderson and Fitts data are not only 
reproducible, but are also stable under minor 
procedural alterations, including changes in 
brightness level. Thus the conclusions of the 
original study are supported. 
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SUPPLEMENTARY REPORT: A SELECTION ARTIFACT IN ROCK'S 
STUDY OF THE ROLE OF REPETITION! 


JOANNA P. WILLIAMS 
Yale University 


Rock (1957) found that Ss who had the 
original items of a list of paired associates 
presented repeatedly on every trial learned 
no faster than Ss for whom item repetition 
was omitted, i.e, where new pairs were 
substituted on every trial for those which 
S had answered incorrectly. He concluded 
that repetition did not aid learning. There 

1 These data were collected while the writer was a 
Teaching Fellow at Harvard University. She is in- 


debted to Fred D. Sheffield for guidance in planning 
and conducting this research. 


is the possibility, however, that the items 
in the list were not equal in difficulty and 
that Ss in the nonrepetition group eliminated 
the difficult items. If so, their final lists would 
be easier than those learned by the repetition 
Ss. The effect of such a selection factor would 
oppose that of any possible effect of repeti- 
tion. The present experiment replicates 
Rock's study, and in addition determines 
whether or not such a selection factor does 


operate in this situation. 
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TABLE 1 
NUMBER oF Errors To CRITERION: Part If 


Group 
Measure 
Is Il il Iv 
Mean 20.6 21.1 15.2 28.4 
SD 9.3 8.6 5.3 11.2 


Note.—N = 20 in each frou. 
“In Part I, the mean for roup A (N = 10) was 
19.4, SD = 8.1. 


Method.—The Ss were 100 students at the 
Harvard Summer School, all volunteers. 
An additional 14 Ss were used, but were 
eliminated when it became clear that they 
would not reach criterion within a reasonable 
amount of time (3 from Groups I, II, and Ill, 
2 from Groups A and IV, and 1 from Group 
B). The items were 50 randomly combined 
letter-number pairs. Each letter except J 
appeared as a single, and as a double letter; 
the numbers were from 1 to 50. Each item 
was exposed (manually) for 3 sec., with 2 sec. 
between successive exposures, Training 
trials, on which both letters and numbers 
were presented, were alternated with test 
trials, on which each letter was presented for 
5 sec, (with no additional interval between 
cards) and S's task was to give the appro- 
priate number. No knowledge of results was 
given during test trials, A 30-sec, interval 
followed both training and test trials. The 
criterion was one errorless trial, 
cedure was demonstrated by giving S$ one 
training and one test 
word pairs. 


Jn Part I, 20 Ss were assigned randomly 
to one of two conditions, A list of 12 items, 
chosen at random from i 


Posed of the 12 items on which he had made 
the greatest number of errors, 

In Part II, 80 Ss were assigned randomly 
to one of four groups. A list of 12 items was 


JOANNA P. WILLIAMS 


randomly selected from the item pool for each | 
S of Groups I and II. The Ss in Group I 
learned their lists under the same nonrepeti- 
tion conditions as Group A. Group II learned 
their lists with repetition of the original 
items on each trial, These two groups 
constitute a replication of Rock’s experiment, 
Groups III and IV learned lists under 
repetition conditions like those of Group 
Il, but their lists were preselected. Each of 
the first 10 Ss in Group III learned one of the 
final lists from Group A; each of the second 
10 learned a final list taken from an S of the 
identically treated Group I. Each final list 
obtained from Group B was presented to 2 
Ss in Group IV, 

Results—The mean number of failures 
to make correct responses before criterion 
for each group in Part II is presented in 
Table 1; the overall F = 7.60, df = 3/76, 
P <.001. No significant difference was 
found between Groups I and II, thus replicat- 
ing Rock's original finding. The crucial 
comparison is between Groups II and II; 
Group III made significantly fewer errors 
than did Group II (P < -05), indicating that 
the lists learned by Rock's nonrepetition 
group may well have been easier than those 
learned by his repetition group. Also, Group 
IV made a Significantly greater number of 
errors than did Group II (P < .01), showing 
that items could be selected which were more 
difficult to learn than a random list. 

One important source of selection was 
noted: items which included a low number 
(1-15) were more likely to be found in the 
lists on which Ss reached criterion than items 
with numbers 16-50 O = 7.77, df =1, 
P <.01). Items composed of a low number 
were less likely to appear in those lists found 
to be more difficult to learn than random lists 
(x? = 14.33, df = 1, P < 01). 

These results Suggest that there may 
indeed be an important selection bias in the 
Rock experiment, which would be expected 
to enhance the 
repetition group and to balance any possible 
effects of the Tepetition received by the other 
group. Thus Rock's results cannot be inter- 


of selection 
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SUPPLEMENTARY REPORT: ALTERNATION IN AT MAZE WITH 
HABIT HELD CONSTANT? 


MERRELL E. THOMPSON ann EDWIN J. MARTIN 
New Mexico State University 


In an earlier study (Thompson, 1960) 
designed to check the role of stimulus, rein- 
forcement, and choice conditions in alterna- 
tion behavior, and to explore the possible 
interaction of these variables, some tentative 
conclusions were drawn concerning the im- 
portance of reinforcement and the interaction 
of the stimulus variable with conditions of 
reinforcement. Although indirect verifica- 
tion was also found for a number of deductions 
from the senior author's (Thompson, 1960), 
two-factor theory of inhibition, certain factors 
in the design made for difficulty in rigorous 
interpretation of the results. For example, 
an attempt to check Glanzer's (1953) study 
unfortunately contaminated the data by use 
of both constant and reversed stimuli. The 
influence of the spaced trials upon massed 
trial behavior was indeterminable, and habit 
to the various alternatives was uncontrolled 
(choice of the black or white alleys and right 
or left turns ranged from 2% to 98% for Ss in 
the free choice groups and from 27% to 73% 
for the Ss in the forced choice groups by the 
last day of the experiment). 

Method.—The present study was designed 
to give a simple, more concise test of three 
of the deductions from the theory, as well as 
to check upon the earlier conclusions regard- 
ing the role of the reinforcement and stimulus 
variables and their interaction. It differed 
from the earlier study in the following re- 
spects: (a) all trials were given from opposite 
start boxes, thus presenting only reversed 
stimuli; (b) only massed trials were employed; 
(c) the first two trials each day (8 days) were 
free for all Ss; and (d) habit to the various 
alternatives was kept constant by administer- 
ing two forced trials, following the two daily 
free trials, in one of the following sequences: 
RRLL, LLRR, RLLR, and LRRL (expressed 
in terms of the stimulus component: WWBB, 
BBWW, WBBW, and BWWB). K 

The present study replicates the original 
in so far as (a) the two independent variables 
(stimulus conditions and reinforcement con- 
ditions) were manipulated at the same values; 
(b) the dependent variable of alternation was 
repeated; (c) Deductions 3, 4, and 5 from the 
two-factor theory were under test (Deduc- 
tions 1, 2, and 6, tested in the earlier study, 
are undergoing further study in two additional 

1 This work was st ted by Grant G-5817 from 
the National Science i vandation and was reported in 
paper given at the 1960 meeting of the Rocky Mountain 
Psychological ‘Association by the junior author. 


TABLE 1 
MEAN NUMBER OF RESPONSE ALTERNATIONS 


Group Conditions Mean is 

1 B-B + 3.15 2.48% 
i B-B O 5.35 4.09% 

i IH B-W + 3.35 1.81 
IV B-W O 3.30 2.19" 


«Tests were made comparing mean number of 
alternations with chance expection. 


** P <001. 


investigations); and (d) the apparatus and 
procedure remained unchanged, except as 
described above. The Ss were 80 rats of the 
Holtzman strain, 70-90 days old, 

Results.—Table 1, which shows the mean 
number of response alternations for the four 
groups over the 8 days, reveals that Group 
II alternated responses significantly above 
chance. Groups I and IV showed response 
alternation significantly below chance, i.e., they 
alternated stimuli significantly above chance. 

A three-dimensional analysis of variance, 
using the four replications as the third vari- 
able was performed after Bartlett's test had 
shown no significant heterogeneity of vari- 
ance. As in the earlier study, the main effect 
of reinforcement condition was significant 
(F = 10.27, df = 1/3, P < 05). Again also 
stimulus condition was not significant as a 
main effect, but it interacted with condi- 
tions of reinforcement (F = 32.46, df = 1/3, 
P <.025). Inttests between various groups, 
significant differences occurred only when 
Group II was compared with some other 
group. 

‘As in the 1960 study, Deductions 4 (that 
nonrewarded Ss will alternate stimuli and 
repeat responses in a Cross T maze when the 
maze arms are dissimilar) and 5 (that non- 
rewarded Ss will alternate responses and re- 
peat stimuli in a Cross T maze when the arms 
are similar) were verified. Support was not 
found for Deduction 3 (rewarded Ss will 
alternate responses and repeat stimuli in the 


Cross T maze). 
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SUPPLEMENTARY REPORT: UNLEARNING THE GAMBLER'S FALLACY? 


HAROLD LINDMAN AnD WARD EDWARDS 


Engineering Psychology Laboratory, Institute of Science and Technology, University of Michigan 


In a 1,000-trial probability learning experi- 
ment, Edwards (1961) found that-as the 
length of a homogeneous outcome run in- 
creases, the probability that S will predict 
that event increases; this might be called 
a positive recency effect. Jarvik (1951) and 
Nicks (1959) have reported the opposite 
finding: as the length of a homogeneous out- 
come run increases, the probability that S 
will predict that event decreases. This is the 
gambler's fallacy. Jarvik's sequence had too 
few long outcome runs and so his Ss’ “gam- 
bler’s fallacy” was not fallacious, But. Nicks 
found a substantial gambler’s fallacy even 
though he used a method of preparing se- 
quences which makes every run statistic 
come out exactly at its expected frequency 
on the assumption of complete randomness 
and infinite sequence length. Edwards used 
the same sequence preparation procedure. 

Edwards’ (1961) 50-50 group data showed 
a small gambler’s fallacy in the first 200 trials, 
no change of probability of prediction as a 
function of run length in the next 200 trials, 
and a positive recency effect in the last 600 


‘This work was sponsored by the United States 
Air Force under Contract AF 49(638)-769, monitored 
by the Air Force Office of Scientific Research of the 
Air Research and Development Command. 
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Trials 


--- First 100 
60 — Second 100 


50 
40 


30 


PERCENT RED RESPONSES 


20 
6 4 2 0 2 4 6 
Red Runs Green Runs 
RUN LENGTH 


Fic. 1. Percentage of red responses f i 
homogeneous outcome runs. (The Zang indienne 
number of red or green outcomes included in thi 
For example, the number 2 on the 
means that the number plotted is the 


trials, -But even in the first 200 trials Ed- 
wards found less gambler’s fallacy than did 
Nicks or Jarvik. Edwards and Nicks both 
used basic airmen at Lackland Air Force Base 
as Ss. The disagreement between the Ed- 
wards and Nicks experiments indicates the 
desirability of a replication of the relevant 
part of Edwards’ experiment using college 
student Ss. 

Method.—Twenty-five male undergradu- 
ates were tested in'groups of 5 to 8 Ss. All a 
Ss saw the same sequence. Two hundred — 
stimulus cards, 100 red and 100 green, were 
Presented in a random sequence prepared by 
the method of constrained randomization 
used by Edwards: (1961) and Nicks (1959), 
Before each card was presented, S predicted 
whether the card would be red or green 
by writing R or G on a small card, which 
was then placed face down in a box. The Ss 
were told to maximize correct predictions; 
no information about sequence was given 
except that the cards were “well mixed." 

Results—As shown in Fig. 1, the negative 
recency effect over the entire 200 trials was 
slightly greater than that found previously 
by Edwards (1961) but slightly less than that 
found by Nicks (1959). The tendency found 
by Edwards for the gambler's fallacy to be 
replaced by a positive recency effect was 
confirmed in this study, with the additional 
finding that this process is already under way 
by Trial 100. 

It is interesting to note that Feldman 
(1959), using a sequence with more long runs 
than would be expected by chance and college 
student Ss, found no gambler's fallacy at all 
in 200 trials. The gambler's fallacy ap- 
Parently is a very evanescent phenomenon— 
unless it is more often right than wrong, as it 
was in Jarvik’s (1951) experiment. 
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SUPPLEMENTARY REPORT: TWO-CHOICE DECISION BEHAVIOR 
WITH MANY ALTERNATIVE EVENTS 


R. ALLEN GARDNER AND JOHN B. FORSYTHE 
Wellesley College Bureau of the Census 
With multiple-choice versions of the Period 1, Trials 1-140; Period 2, Trials 141- 


familiar probability learning experiment it 
has been demonstrated that P(A), the rela- 
tive frequency of choices of A, the most 
frequent alternative, is an increasing function 
of the number of alternatives (Cotton & 
Rechtschaffen, 1958; Gardner, 1957, 1958). 
The present study was an attempt to repro- 
duce this result by varying the number of 
alternative events in the series, A, B, C, . . ., 
N, while restricting S to two choices, A or 
not-A. 

Method.—TVhere were two parallel and 
independent experiments. Within each ex- 
periment, (A) was held constant and the 
number of alternative events was varied. 
In Exp. I, (A) was .70 and there were four 
conditions having either 2, 3, 4, or 7 alterna- 
tive events. In Exp. II, (4) was .60 and 
there were four conditions having either 2, 
3, 5, or 8 alternatives. The Ss were 192 young 
soldiers drawn from the same population as 
those of two previous studies (Gardner, 1958, 
1961). No S served in more than one condi- 
tion and 24 served in each condition. The 
events consisted of block letters of the alpha- 
bet which were projected one at a time on 
the front wall of the experimental room. In 
all respects, the details of apparatus and 
procedure were identical to those of the two 
previous experiments with the following 
exception. Each response cabinet was pro- 
vided with two telephone jacks and one plug. 
A small card was mounted over each jack. 
One card bore the letter designated as alter- 
native A and the other was blank. The Ss 
were instructed to predict on each trial 
whether or not the letter designated as 
alternative A would be presented next by 
inserting the plug into the appropriate jack, 
either the lettered jack or the blank jack. 


280; and Period 3, Trials 281-420. These are 
shown in Table 1. In all of the statistical 
tests quoted there, the score for each S was 
taken as the number of his choices of alter- 
native A during the period in question, For 
convenience, the means have been presented 
in the table as proportions over 140 trials. 
The analysis of variance performed on these 
data was the same.as that described in Gard- 
ner (1958, 1961). The Fs for number of 
alternatives appear in the table and all are 
less than the 2.50 required for significance 
at the .05 level, most being less than 1.0, 
Moreover, the obtained values of P(A) bear 
no orderly relationship to the number of 
alternatives in the series. 

Under precisely the same conditions, but 
with the number of available choices kept 
equal to the number of alternative events 
in the sereis, P(A) was a function of the num- 
ber of ‘alternatives (Gardner, 1958). In the 
present study, with S restricted to two choices, 
A or not-A, there was no detectable effect 
of the number of alternative events. Never- 
theless, a variety of hypotheses remain open, 
for, when the number of choices was increased, 
and the number of alternative events held 
constant, the effect was distinctly different 
from that obtained when both the number 
of choices and alternative events were varied 
together (Gardner, 1961). 
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Results—The obtained values of P(A) 205-214. 
were tabulated in three periods of 140 trials: (Received January 24, 1961) 
TABLE 1 


MEAN PROPORTIONAL FREQUENCY 


(PLAJ) oF CHOICE OF ALTERNATIVE A IN THE THREE SETS OF 
40 Triats IN Exe, I AND IL 


Alternatives in Exp. I, (A) = .70 


Alternatives in Exp. II, +(4) = 60 


Period Trials 
2 3 4 7 E 2 3 5 8 Pi 
š =! 635 640 669 0.93 563 614 580 «557 1.73 
2 1412280 oh 1738* | .748* | .757* 0.61 «611 643 601 -607 6s 
ê 3 281-420 {764% | .751* | .735 .762* | 0.47 633 685 618 659" 17 
id . 


* By £ test computed on raw scores, P(A) > (A), 


significant beyond the .05 level with 23 df (two-tailed test), 
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SUPPLEMENTARY REPORT: SHORT-TERM RETENTION AS A FUNCTION 
OF AVERAGE STORAGE LOAD! 


KENNETH E. LLOYD 
Washington State University 


Lloyd, Reid, and Feallock (1960) and 
Reid, Lloyd, Brackett, and Hawkins (1961) 
have found recall errors to be systematically 
related to the average number of items Ss 
were required to remember. The present 
study supplements this work by extending 
the average storage load to higher values, and 
by using as items words judged to be unrelated, 

The Ss listened to tape recorded sequences 
of items and recall points. An item consisted 
of a letter paired with a word; a recall point 
was indicated by the letter alone. The Ss 
were instructed to recall all words previously 
paired with a given letter at each recall point. 
Between a given item and its recall point in 
the sequence other items, other recall points, 
or both, could be interpolated. A sequence 
contained 6 subsequences which varied in 
average storage load from 2.5 to 12.5. Each 
subsequence contained 20 items and 10 recall 
points, At each recall point either 1, 2, or 3 
items were requested. All subsequences with 
a given average storage load contained four 
individual loads which bracketed that aver- 
age, e.g, a 4.5 subsequence contained indi- 
vidual loads of 3, 4, 5, and 6. “Six sequences 
were recorded to partially counterbalance 
all conditions. 

The 64 words were arbitrarily grouped 
into eight letter classes, Items were recorded 
at a 4-sec. rate, and recall points at a 3-sec. 
rate. Each of the 12 Ss, Washington State 
University undergraduates, served 5 days, 
and were reimbursed. They responded to 
two sequences on Days 1, 2, and 3, and to 
three sequences on Days 4 and 5. 


The means of errors over the repeated 
measures for each day were averaged for all 
Ss, and are shown ‘in Table 1, While re- 
sponding on Days 1 and 2, Ss looked at the 
word list to aid learning the arbitrary classes; 
this procedure facilitated recall. A trend 
analysis of transformed scores on Day 
5 resulted in a significant overall trend 
(F = 227.07, df = 5/55, P < .01) as well as 
significance for the linear, quadratic, cubic, 
and quartic components ( 288.77, 157.75, 
76.31, and 12.00, respectively, df’s = 1/11, 
Ps < .01). A second analysis of variance of 
raw scores for all 5 days yielded P < .01 for 
Load, Practice, and Ss, and for the L XS 
and P X S interactions. Load and Practice 
did not interact. 

Ideally errors for each S should increase 
with increases in load. With repeated 
measures the 12 Ss provided 144 error curves. 
Inspection of adjacent curve points revealed 
78 inversions out of 432 opportunities between 
the lower four load values. Between the 
higher three load values there were 139/288 
inversions. This inversion probability of 
-48 suggests an asymptote at the higher loads. 

In the three studies recall errors have 
increased regularly with average storage load 
over a wide range of its a! . when related 
or unrelated items were u: , and under 
conditions where- Ss recalled one or several 
items at each recall point. 
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TABLE 1 n 
MEAN ERRORS FOR AVERAGE STORAGE LOAD DURING 5 Days OF PRACTICE 


Average Storage Load 


22 ee 6.5 8.5 10.5 12.5 
d SD |Mean| SD | Mean| SD 
Fig 1.95 1913.37 | 2.21 “| 1412 | 1:98% 
1.69 2H | 1150 | 256 | 13:50 | 20) 
1.52 288 | 1471 | 240 | 15.58 | 27 J, 
1.46 288 | 1362| 1.82 | 14.37 | 262 
2.38 | 12.26 | 2.47 | 13.70 | 241 


